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TITLE 



FRICTION STATE DETECTOR 



ABSTRACT : PURPOSE: To precisely detect a friction state with much noise and momentarily changing 
frictional coefficient. 

CONSTITUTION: The friction state detector is provided with an exciting force generating 
means 67 for exciting a vibration system composed of a road face and a wheel by the 
exciting force of resonance frequency, an excitation response detection means 68 for 
detecting response to this exciting force, and a response characteristic calculation means 

69 for calculating the resonance characteristics of the vibration system based on the 
excitation and the excitation response. It is constituted of a friction state calculation means 

70 for calculating the friction state based on the calculated resonance characteristics, a 
braking force/driving force control means 71 for controlling the braking force/driving force 
so that the calculated friction state is set to the state right before sliding from the 
calculated friction state, and a friction coefficient calculation means 72 which calculates 
the maximum friction force value based on this braking/driving forces and finds the friction 
coefficient by diving this value by the dead load of the device. The friction state is 
calculated by resonance characteristics sensitively reflecting the friction state so that the 
friction state can be detected precisely even in a state as with much noise and 
momentarily changing frictional coefficient. 
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Publication Title: 

Apparatus and method for detecting friction characteristics 



Abstract: 

An apparatus and method for detecting friction characteristics are disclosed, in 
which a wheel resonant system includes a vehicle body, a road surface and at 
least a wheel. A braking force control system exerts a braking force on the wheel. 
A resonant component detector determines a resonant gain providing the ratio 
between the amplitude of predetermined frequency component of the braking 
force and that of the wheel velocity and detects the ratio of the resonant gain to a 
present reference gain, a deviation calculator calculates the deviation between 
this ratio and unity, a PI controller controls the braking force control system in 
such a manner that the deviation coincides 
47a 

with zero, and a friction characteristics detector detects the friction characteristics 
on the basis of the braking force. When the friction force is made to approach a 
peak value by increasing the braking force, the resonant characteristics undergo 
a change thereby to reduce the resonant gain. By controlling the braking force in 
such a manner that the deviation coincides with zero, therefore, the friction 
characteristics are held at a peak value. This braking force reflects the friction 
characteristics, and therefore the friction characteristics between the road 
surface and the wheel can be accurately detected according to the relative 
magnitude of the braking force. 
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tfta»a©aafcattfc*a«Lfca»*i> aaa 
&©#aaa»x«#aa&&ifia©aiM£&' fc^&ira 

KlBfiA58^aicJ: OJ0tEanfcfi»5R©lP»KS© 
mw.tmts f££^a \z «fc 0 58£3 nfc Jna* wttSB* 

tta-atfcs^T. aEa»a©#a»ttsa*-r« 

TaEaMffiK^*S*»#a&«*?-S*a#aai* 

^at. 

fc^traatfaamaa. 

[***2] #«*©§• C*»ttffi©K-iB«K*K:tt 

as nraaaa t B§¥fT^^i^(c^&-r 5 tifcaa 

**fc«fcoTiina3n.5a»*£. a? 

aE*a©*»afcaiii-rs*Mjaai#afc. 

a^affl-rswaaa^at. 
ae**a(U*afc±6ataanfc^*©««at, a 
EJofi*#«ffl#afc«k oamsnfcai»K»©«tt* 
tci^nT. aEa»*©#aaa*ajrr«#aa 
ttag^at. 

a*aaaa*#»fc * Daasn&aaaafc*^ 

#at, -so 

ca*B3j »»*©*i;sa«H©H-H«a«K» 
»«fflt»¥ffj&:*siKa&-r*HSasa*»aL, a 
tffaB«©a«t«tt#:saauitfia*t. aaa 
*©*aaaaxtt*saaaiE»©«fta»&^tiiio 
a*fcJ:o, fflEaaas*«a©«££iaifcaa-rs 
aaftaaaa&, 

ainfiaf8£#aK,fc BinfisnfcWEfift*©inSJS 
s©««a*ata-rsjBS««»ta*at, 
aEana*»±¥acJ:Da*snfcflifi*©«afi 40 
t, MEtofi*s«ffl¥afcJ:D*m£ftfcina*«r© 
«a«tfca^»T. meatt*©ftaa&*a*-r* 
*fiaaaa^at, 

at. 

»E*aattflw*air * o«oisn&*aattc»^ 
v»t, afiaaa^a 0 *rraa©ttafcfc«± 3 km 
Efpa*«±*a*«a"r*a*»«»«aaa*a 
t, 

sstraaaaatuaa. so 
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ta*a4] a«a©£csa«a©mBaaafca 
asnTaaaaiayfTttaaicatt-rstftaaa 
t, atfl^iaottaicmsttib«tt#^6a:D. 
naic±o Tinas n*a»*t, 
aeftft©a&a&*aT«**aai#«2:. 

a£*ftC£ 0aaSttfcaEan*©ftiaft3©tta 

asafflf*«aaa*at, 
aE^*am^aic«fcDaiflsnfc^*©«««t, a 
EinsjssatH^afcJ: o«asnfcinaj6«©ttaft 
ttg-^x. aEfia«©Afiatt&aa-r-5Asa 
itaa^at. 

aE»affi©fra«a*t:(pffl**4-Asfpffl*»^ 
at. 

ME*a»tt«a#afc«fc oaw$nfcftjH*ttK:a^ 
ht, aeaMn«i»Q«raa©aaica:«j:9ica 
Eftufl*»£#a*««f *a**«a#«a*#a 
t. 

«$ttm*aaatttaB. 

maa 5 ] m&m*mmj3tmmm¥.m\z&r) mm 
mmtflm t> «-raa©«a»c & o fcf$©f£ffl * t-scr 
^t, aeaan^(t«a*jHKA©a£9W*r«a 
*aa#aa#at, 

aa**aaa*#afcj: 9**an&a**a*©a 
ica^^Tafiaaa©»aaa«aa-r%*affifta 
g^at. 

s (c^tr»*« 3 xt*aaa 4 ©usattaama 

a. 
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0. *KMftft©ai;«attn**?«aHtta©*&a 
ttfca^TaaaasaiHu *fcss»a*«aD as-r 
'aa©»»«aica:*j:5t:«a-r5#«««aiiia« 

[0 0 0 2] 

[«*©a«] aaAai/<ttaaaaftaa*r«a 
a, azwa«a*auuTaa*ff5aatbTaT 

©J: -5 **>©*»»*. ' 
[0 0 0 3] H 7 fcjftf^JUca^T, f?*M©#>#: 

1 taaaa2 t©rafca4-r<5a*#a*FBax a. 
*m£w (=M g ; gfitaftaaa) . i^±^a«a* 

MStattT^t. 
Fmax = ustat • W 

g^a^Fmax fiTFT&ntf. a.lk«afcB*S. b 
*U fl-^Fext 3&»-fla*»a*Fiiax £j@*.-5<!:?S 
aa -e©l^©^a*Ftran«. id^a^Scwtr 
ans I'iO. 

F trans = p. trans • W 
T^Sn*. 
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fc*a*tq*T»S1i\ *-©!$©&;*:#»* Fmax £P 
[0 0 0 6] 8#j68ffi©#i!FT«, a^jgfflcD 

0fj£©£jauaDK»ft3i*, z\<Dmm^m.\y-D-Dfrt> 
n«twt-©9i*tt*K:i*u mKtmmtnmizftm? 
■5#«*&a«-r*tt**«**. £*!?>©&««> sis! 

t»frt©IB©JW(ttJ^iW«>ft*KiMi«#A* £ 

xmmu zo&mmmzm'jKTmmtmfttoma 

«©#!Ffc*tt5MM8a«l£^T#fcmjra«©tf]± 

[0 0 0 7] #ffi¥4-8 4 6 5 2^|0ffit JP 
iSSnfcllS*6«FM-&9l*tt<lc|»L. WtMfcflUH 

ft:fc> »fflfca<»»hJl<#*IE?|K:*©-5&©. JDS a? 

l»TH*. d©ie»tr> C©ft^T«. iPi!k*-A©5* 

S = (v». - Vt ) /vn 
^©M-S^ttTtt, *47Uy^* (190A2S 
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fflUTW«*»»0«*«tir^B«*IB©*-e«ft&iE» 



j6#Sfci^*fc&**iffiST©ra£^fcfftfl-r*» 

LTfisiisjctxJWb-r* j: t ted; offisat 

*«*J&U SSfclBfthJI^SSdrraRfc, inH* 

*©*«eswiBfcUTv>*. 

[0 0 0 8] g»*©f|i!!f98ffi©#if-?. <iftt 

B®£©ffi©JSM3*&§t$i)!l£U £©JMMM*fc*^ 
TIMfPfcfT3a*il/T» «fi8¥4-2 30 47 2^& 

[0 0 0 9] »M¥4-2 3 04 7 2^«lCBI««n 

©HM»&eiKfcJ:D«»fca4L&3-*u >^7* 
JP*©J**-fe>1HCJ:DttoHU ttfflSftfcE*©*!;: 
-£«*U £nS©/X7-i»ifflJMM6*i©H«fc 
t>©Ta&-5. 

[0 0 10] &H£*l&fc©l$««fl8SI£iBIL 

[0 0 11] *P5«»*4jSKT?*ff bTlri* 

© (1) ^-C^nsxUy^SI^U E9©J;f> 

a, v. ti*tft»*T&.&. 

[0 0 12] 

• • • (1) 

[0 0 15] Sfc. *$H¥4-8 4 6 5 2^£&©lSS£ 

ftTifi«3ftfciis©i§»*7\M'S«£u HKJM&h 
tns©^fl[ta^^T, ns!©jgaitj^s&#^. 

fV>. t^3WH««*«. ±fi©«5££*&3fc 
£ft<ft££®. *ffl«H**t)©T*V»tlr»5raH*« 

[0 0 16] g-fc, !(f^jp4-2 3 0 4 7 2*&MKH 

*«nfc**«»©ijje*i6-ctt. . m®*mmm\zm 
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ttUT3-*'J>y7*-x«S»£;£-ti\ CtKc^f SR&RRU RWtoS«©««fcRtt#£»«UTfc 
Rfc&$£^5RRja**<&. 3-^U>^7 ©S»J*»S^trJPfi*fcJ:0, mfE&n^^mKAO!) 



[0 0 1 7] Sfc, t£*©7>5 1 Dy^yi/-*lRfP8 . a**illSJ6«FRB#R£. MGRSaS^Rfc.!:?) 
RTtt. SG*©*'firiKHfc©ni!©»»«RM* t R R£SnfcioSa©ttRSfc. RGftiRftSRB^RIc 

*«*«flsu aoy-rxfefrwoT. «^»w^tr j:DRasftfcRfij6R©ttRR£fc:s^T. rg& 



[0018] *!8WttJiBBfi£*©raH^&«HH-r*&» RG#RRtt«*¥RK:«fc D«R3nfc#fiRttfcRtJ 

nt^Htfijeu *&*«w«w»«tt««Ffc»^ Rfttaa»£#R*Mwr*R**R*#RiwR*R 

V>T»RttR*Rffl-r*©Tttfc<, gMS#£«fcl5Sfei i, *RA/TRR*nTV»*. 

icR*T*#«««*«R»K:ffD*£u £©*«*$& [002 2] r#jh4©36bj]«, «Ra©£i;«8ttR 

©#RRttfc»BUT»RttB««R"r5i:£fcJ:D, ©JraRRRfcWtenTRRRWtRWrfcJ&iailcR 

J4X*&<, *fc««tt»jm*M*fc»CT*«ai ft-rstfiagiHt, RKOaSRattttfcttlESnfcRtt 

K:*t»T"b*«ttlBSjE«lC*aT?«*t*lC, SffllS fl*fc<fcoTilPfiSn4R»*£, me 

H©£V»5'>:/Jl'fcRR©*»tt«*BRR*»«?-* rtA©ttMft*fflf*rt*lfcU*ftfc, *En*fcJ: 

ctsawtrs. # 9RRSttfcRGRRR©ftSft£©ttttR&Ra-r& 

[0019] ttitiiifst, iWBn»*a^Ricj:D*a*nfc^ 

[RRSRR*-<&fc*©*R] ±«BW*RRf*fc* *»©#)&*<!:, REAlS«ffRa#Rm: DRffi^nft 

13, RRRl©ft91ti. *R*©4i;*«R1B©M-H« RRJ&RrottRRfcfcR^T, RRRRROARtttt 

RRfcRR«H£R¥fTfc#flfcRtt-r<&ttto»»«» £«lfTS#g#1£}iSSWi:> MIBSffl!®©)tffifilIg 

RU RtfteK*©R«cRtt4|cftttttLT&&aRR »CfPffl»*#iL*fPffl*»±#Ri, RGftSRRR 

t. RSRft©ftSRRRXM&MRR£flW&RR »#RfcJ:DR»an&*«»ttK:»^»T. RGRR 

#ft£&RR;tj»::J:?K RGRRR&RRTSftiRftft H#RD«*RM©#Rfcfc*J:3K:Me(ttflaRai¥ 

£^R£, RRRftR£#R£J:0ftlR3n&RnR© R*Mffr«RrtMlftRRMff¥R&. **A/T«R 

in«i6:*©«ttR**a-r4in«««Ra*Rt. rg s*ro»*. 

HlS*584*RKJ:0*4*nfcJP«*©ttR*t. M 30 [0 0 2 3] RRR5©8&tt, it«3XttS*«4 

G»RlMrRB^Rfc«fc DRa3ttfcttl&&g©ttRR ©R*»Ratt»MR*RKJ:DRG»«ffi*«»0«1- 

tCS-^tvT. RRR»i«©^M»R«SdF-r«ftRR RR©ttRKfcofcR©«UBrtfcR"2v>T. MESSfcffl 

RRR^Rfc. R*«RRRR#Rfc«kOSW*nfc* fc*W-*R*»«*©RSaWT-&***R*«l|t#R 

RRttC*^^TRE»«iiflc*W-*»RttRSa»-r fc. RR*RRftRR¥WcJ:9RR3nfcR*JMIMi 

*R«PtKRRR*R£, «*A/T?RRSnTV»*. ©R££^v>Tffi6RMffi©M^R&ft£?£RRR 

[0 0 2 0] R$R 2 ©RHtt. JMttWRBSflRIR RRR^Rt, RS&fcR^TRRbfc &©"?**. 

©friii«S»tRRSnTR»ttiiit«WT35c*lftK* [0 0 2 4] 

ffifStffaRRt. RtttaBRwftRfcRRan&Rtt [fpffl] *R91©lil9!«H8©R»$i 5^f 

^*C«toTJOfi«n*R»*t, RG ^fcUTKRt*. 0 8 (Cat?* 3 fc, SAR 1 5 tt, 
«"*©ttRS*«a-r<&«-*RB*Rt. RGftftlCJ: 40 RRMa ©RttflU 1, E©Rtt#l ltRRBSl 0£ 

o RfianfcRGR»»©iDRj&R©ttRRSRB-r* fl-LTRR-raRRMb ©«£& 1 2 . 1 1 ©- 

ttsg&B^at. RG^*«a*Ricj:ottasnfcn *fcR9tt*tsnfctffe£RK©ttfas*i 3, e©« 

tKDwm&t, Rcnn««»Ra^Rfcj:oRa*n& 'fas«©R«fcR9ttt*5ft&RRMc ©rr#i 4*» 

»R*:«©«»RtCS^»T. gfJGS®ilS©ft«^tt 6«RSnTV»*. 

£R»T3#S»ttR*#R£, R^cR^ttRISt^RIC [0 0 2 5] fiRR 1 5 tt. 8fBiffi 1 0 T-B<lrrSRR 

«t 9SSSnfcfcRRttfcS:tt»TRGR«RKfctt-5 *J&»R*RRa«l*n?R»ffi 1 Oj&tRoT^&WfcR-C' 

RRttRSRR-TSgRttffiRR^Rt. *^A/T?RR tt. tRtt# 1 l©RSW:Rttft:i 2*«LTigg!)-f -5 

Snxv»*. 3t». Rffi (Ma +Mb ) £tffe£RK©tf*a£SRM 

[0 0 2 1] RRR3©R91& RRA©±t;2RRi& c 2RRRiRRlcfc3. tot. 
©frfflfflS^{cK^Mt^Wii&i*[^liB^ffiy$Mfe(*laMi5fl. P®*^tfWS«><^^^lt5^i*^ 1 5 fc;fe*t3*fi 
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fi tt. 

f , =/■ { (Ma +Mb +Mc ) K/ (Ma +Mb ) Mc } /2 k 

• • • (2) 

tftS. ffi;£©®ft#l 2^H5t^t?*n«, * * (2) 5£©&SJf&&f !«< 

f . =/" (K/Mc ) /2 k • • • (3) 

[0 0 2 6] ^ntjttU ^IS^^g^S^^ie^T 1 5«SffiMa tHSMc A^ft-5 2iftt3i£^«<hft 

*t 0 ft b fctfj&Tte. 1 1 ©fi»fc«tt# 1 2t5«JK ?) . f . tt, 

f 2 =/" { (Ma +Mc ) K/Ma Mc } /2k ... (4) 

io*-rzct\zi3.%. 

[0027] iCT, c ©«»& 1 5 zmmm iotw- [0032] ±j6©«tt#«t|t«»c»o xmm-r 



a 1 6T*/h«»a*fc#&&»irr*. *»ifi o*» 

»oTV»fcWR»©i:*tt. 1 5 ©*fiH**tt 

f i fc©T», KMX 1 5 tccfci^T. ffl&i: f i ©lElfrJjfc 

»©fi»*»*«ai<3sn<&*fitt«t!tts. ft*, un 
si 5©*fitttt£»-rfc©£i/T\ «*.«ap«*i 6 

©**«*K:»f*S»3R 1 5<D|gS)J!£#©S*ffi<!:© 

jfc-e«*n*#«y-r £©#iiy-f>tt. * a> 

«««©»&K:ttl J:0«K**<&0. #JI1Kfl8Tft 
[0 0 2 8] ttttfB 1 0-C#**tK*WWl©* 

cat^*. »o«-r«w*T?<*t» urn 

ij 1 6(r e fc§lgi!)<i:1Itt^©«Sj<!:l'fi[fflM^Ul^©, 
[0 0 2 9] -tbT, 8AM 1 0«%ftlCl»t)TV>** 

-rs©^. 6fcj;o**.6nfenwkfi ©n 

»JS2-tt*SU Slfr$ 1 5 te*ygbft< ft*. 50 

[0 0 3 0] JgSd*i5Sf 2 ifi«l©^&S:©Jn 

awn 6T?»«-r**&ictt» mmmi o^t^s- 

ir»tt«© Sid* 1 5 SMffi 10M 

D fc'-Tt. «M* l 5 tene&gc f 2 ©8Mft£tf3ft<£ 

n-s^fitt^tft-s. 

[0 0 3 1] ftiSfti 6*«fi t fi ififlF©ntt 
ft©fi»«»**c^tr«^, Mtifti 5«, gftfeiBl 

0 3&«*oT<r»ft(r»««t»oT^*«JB©lr»"fn©«^ 

Jtt 0. " = -T + K (0, -(9. ) 

J i 0 t " = -K (0, -0. ) +uWR 

J. 

w» 

J. 

0. ttftftl 1 3ro@ij£^, 0. " 12*111 1 

3<D@iito«inijia, w.ra:*t&i 1 3<D®fcnmm. e 

x RthWy H 1 1 5©@teft, 0i "tthUyFllS 
©EHEaiJttfSg, to. ttW^ffi^&x^ 1 1 7 ©@£M 50 



So !l©iatelR»*© i E5 i ;i'tl/T«AtfHl OfcjjVr 
J;5t. SftW<D*#:i 1 2Sfl*fc*W36«aflPvTj6 
frLTV»«l*©**.-W!>MW». -rftfc1>*#<b*f& 

<Dmm%nm®m&*> ^mmmxb'^msmz^TMt 

[0 0 3 3] uHTv (Mi)*) tt, SSffit 

c:©^U-**tt3«Bttt»iB^6©RfPffl 

1 2fcfpffl"r*fc», *#u©ia£tt& 

Sc^fifJH 1 7«*-f tfflhUy K£ftffi&©m 

©ns&g^ 1 1 6 s^b-awi 1 1 3 tRttmzmmi, 

fc&©ift£. utitt, ^^-^-Y^gecDJcS 
Id, *»T©**fc«tt, Tfcfc-6*lliR*HI©Jt» 

T*#©aas«*-r*c:t*»T?f?*c:ttra«Tf* 
*. 

[0 0 3 4] 010, 01 lT^-f UA£"£A,£lMS& 
113©tfttt£J. . UAt M/7 H 1 5 fc©IB©tfta 
K*l 1 4©fifaJtft*K, M/y FI 1 5©«tt*J 
, . bUy F 1 1 5 £tt]Bfc©H©J«*B* 1 1 6©* 

*«nft*xt. **i 1 2 ©as©iinEiHyr©«ff : E7 £ 

JH 1 7®SttSJ« t"f*t. *^:#:©#tt«^© 
(5) ~ (7) 0=k5(Cft5. ft*. KTTttl^nCB 

ts ii5g$i#d/d t* r- j t^l. mm\zm-r?>2 

®md> / d t 2 T" j TSf. 
[00 3 5] 
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&j*©[H]teaji£, Twttfci 1 3fcsn^^ns$iia)jh 

Tff3. 
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[0 0 3 6] a"f**tyyy7LTV»*IM*, bUy H 
1 1 5 t^ftWrJH 1 7<h#iii!g£nT^3 1 £:# 
^ft^ffi^xJM 1 7©«14tM/>> Kl 1 5 * 

fi =f { (J. +J. +J. ) K/J. (J, +J. 



5$ (2) i£<|l]i;^5S<i:fc5. ^<D«S8ttig 
[0 0 3 7] jglC, *^©$8$i!cu#fc!-£Mfc)fi 

tt < m& \z \t. * -t •\'mm<Dm&&%. m *u u 7$ S 

(CftLT^lfcLJK&D, h F 1 1 5 ©tH4<Dl!Bl!jSU0 

f 2 =/" { (J. + J i ) K/J, 

ttzv, j£ (4) <h^<iwii;^s:<i:7a?). ^©^ttia 

UIB#»C^A3'\tM^bT^'f^^D^i7-r^o -★ 

J. <J, <J. 
■v&K). z\n^K>. 

fi <f 2 

[0 0 3 9] tfMfffi^kl, hW;/F115©tH4 

[0040] \a±.<d&o\z. mmffi<D®&vimz&^ 
t, mmm 1 5 ^m^m^^mmm. &Mm&& 

mz, £<D#ii#tt£&arftttf, &®mv>&& 30 

[0 0 4 1] -^dT, 1 ©f§BJ!Tte> ®&t><D£. 

c%&Mm<Dftmw&m\z&&®ffimw-fii3.i3mz& 
fctzimmmzmifaL. mitammvmmzm&itz 

mm^^mmm^mmommm^tsmmti \z 

tmyftfciifa (mmwto&^w ~?&nt$&miifm\z 

m?LtttoMJj\z£z>®&#<Dtt\mg.m-ehr), £©tt<s 

\z, ^m^mn^WLt)^ mMt><nvi&mt. &a$n 
rztoMfo&ovtmmtizm-j^T. mmmm^Pim^ 

wm^T^tz^wm, miotz-rmm^m, &zfm?r 
^zftm<D^-rtL<DVtm\z$>z,fr*:&mmzmL so 



) } /2k 

• • • (id 

K>*mmz YVv H 1 1 5 t*#:^HiE^x^'l 1 7 
<h##8S2n, hl/y Hi 1 5 1 1 3 <h##ig£ 
igilT £©B#©iMI#«£©&lIJi3igfJ: f 

J. } /2 7T •••(12) 

-v n\M.$i-zim.\z&'}>?z>. 
[0038] &m.<»jvmm*. 

• • • (13) 



• • • (14) 

[0 0 4 2] ZCO^mziS^X. m 8 ©ig»« 1 5 Tge 
«ffl 1 0»0 £t«©l*Jgrafc&3frg^£ig|£ 

MW)% l 5 ©&H«&f8: f . Xttf, jfi&Wjim&TJI 

1 5 £SDigu ^feisf. TigBi-rs^ro^y 
KKoTztz \z®&&mi>m k> rztmm^vm t 

2©s2pfitj;o^#<^ofct^ mvtztmmovtm 

m$&(Dm<Dmt\z&^T®&w;®*mn.LTh& 

[0 0 4 3] Sfc, HBI)^C3Jn<7^ h/^X*©J:5«: 
[0 0 4 4] W^20§gBjTtt, ^^Ul? 

[0 0 4 5] ±B©«fc33!j:*«»eK:S^<*« 



11 

[oo4 6] m#m3<Dmw-e\t. nofi*»* 

£©SM$©ft^ftftXtt*^ttfti&£© 

©#«»«£»*-*-*. &mm<Dftmm%$\z\* 

fc^D±W , T£»3ii:*8«& 
©flUlia©JB«fcLT. «»*©«£. «(Wf*ia«S 

ftMAftVfti&s. *f&t&M£©JSt&ttJB!W&9£-r 

[0 0 4 7] »*«2 0»W©J:'5fci8»*k:* 
7-f h / -f X*©«fc 5 fcJMHMratt^******* 

[0 0 4 8] tut. »*9(4©»MT?tt, ^*«ffl¥ 
§W»**©tttt«*tftttiU **«ttttttl¥§bWMJfc 

»"r*«»*©**«»©**«**ai-r-5. a 

MB** 19 £-fitltt©tttBte&* «fc 5 fc«*«g;*jtta8 

[0 0 4 9] tt#B3X«K*JS4©3fflJli©,fc5 
K, »jWS«J»0«fitffl©ttffilcfiy**nsJ:3K:fP 

«catJir»T«*»«*©fi#»awc**. sat, a* 
**a©fi*»;b*»fttf, dn£ge©e«Tf&#T3;i 

[0050] h#h 5 ©wsrctt. mmofim 
D«raw©ttjBc&ofce©fpffl*cs^^T. a* 

J!i»*iSl»#aK:«l:D«»lliK:*»ts«*»»*©fflfe 

fc«**»*©fits^v»T#±»««ftftsw-r*. 
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[0 0 5 1] 
[HMfiaj] 

(flIlJHM) HT. *fi»tt*IUfflUfc#««»ttlH 
•5. 

[0052] aTT?Kwr*ssi*«s«tt, *^w©« 
*Tffl»-r<5ct*«iriifcUfc"b©T»*. cosii* 

[0 0 5 3] 01 (A) ©JESUIT 

ffi(cfl(«nf«ffi}9jes». ft* 2 lsmit-r 2 
2, n©*B»«2 2K«»a*#*.*fc»©iB8a*& 

{-mi9#ite>n^ , 7-i'^2 4, msz.(D f 7^\2A^m. 
fc. ^©w<Mffi}9%ii©mi«flis^6j&«^. 01 

(B) ©£5lc*3n. <Mfc2 1*jl»t4«ftA2 5 

[0 0 5 4] fcfc, ft»«2 2t«f«2 1 t©«ftfcfflk: 
ffiNf* 2 5 t Z\<DmMW\z&V 
*»ikJM»«*j&stat©«fc±DftjfcStt^ ttoT, 
ffi^F^J 2 5 2 1 ©#« 

a±©i*ictt, ft* 2 itt»o«-6-r. ic«»*# 

*<4oT«*»**jW»*2 l©ftM<k?)/jN£<fc-5 
[0 0 5 5] H2K. 1E»*2 5*ftHp-r*fc*©«HJ 

t. #e^fSb 2 2«, ^©ftieai5#£»r3s»Mc © 

«tt#3 5, &tf£©«te#3 5fc#*«fcj£&K/2 
©tffaS*3 3tHaa«*3 4tS^-UTBaMb ©ft 
*2 1 t»»-r«*t«tOWt6n&MlMa ©&««$ 
3 l &-&A/T«|j«3ft*. 

[0 0 5 6] ft*, ttttff8*lfif. «*3g?i?3 3<btf*a 

tt. 8fefiffi3 OtBWT, ft* 2 1 ©ffiffiKSrrs* 
»*©5fifc&l^tH3liaKa:*. 
[0 0 5 7] ^M«$3 1 <>:tHtt^3 5 t©Ml: 

tt, SttSB 3 1$, 3 3 t tttogm 3 4tiflm 

tt1-«#MiCAdMIHIfi (=/" ( (Ma +Mc ) K 
/MaMc } /2jc) ©lllfi* 3 6 *HPjS.T»/jNjlOSr 

sins*»^a4 o*»»o(t»t6nT^*. 01 

(A) ^-TJ;5C, £©Jq«a3 6i:,t^Tfi2 l 

tt^fefegp 3 1 tmz, 2 6 izwmwi-tz Z t 

50 \ZtiZo £©ftdH)X£¥it4 0tt. 



(8) 
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3 3 t\ttmmz 4 ©ttftttWaiOMJtfFfcttfttt* 

[0 0 5 8] ssic. SMfS53 n:ii iraJi*564*a 

4 o t«t o m^m-znitte<r>fflm z i ©jmpwr* 
*ffl-r*ftiiufi:»»a#9!4 i«njto«»6*iTt»*. 

CO*Wftffl*R4 1 tt, 0>JA«Dn«* 3 6 CJcSRtt 

$ 3 1 omms. 3 8 t LTiYm?%tom&Wr io 

[0 0 5 9] JoS**4#a4 0 C: J; D4*.S> tl 

*infM)3 6, at«ipausflr«ai*a4 ltiottwd 

ttSJnj§g3 8fc£©£g®ttfcg^Tffi4&2 i *« 
»bfc«8«2 2 ©JHMre«M*T«*Rtttt9tft# 

»4 2*tR»j6nT^*. £©#is#tt«> fl*.ittns 

[0 0 6 0] S6t. ASttttKft¥R4 2lC£Dft* a? 
<£nfc#«ttttfc*^T«««3 1 £#*2 1 £©« 
«H0«^§|S^m-rs*^§8SC^R4 3. ZO) 

W€anfc»*ttiBc*^v»T. ffiit*%±gi52 3 S©j 

[0 0 6 1] *IC, £©*MMBttRR©fftflfcO^TR 
WT*. Jn«*IMfc¥R4 0K£D**&n*lD*Mj© 
UPRRRftfi Wu &ftl!SB3 1 iWXTV»* 

«h^OSEMgB 3 1, tifcg?ii3 3> «*ag^3 4, ffitt 
#3 5#&rt«m«©#M&fr?fc&. 50 

[0 0 6 2] tu5T. ^$12 ljWEfW52 2©ffi»* 

2 5fc±o'Ut>a»Dtffi»anT^*Wtt, io«* 3 6 
c 3 i<DWL*m.®£mzfii®2 1 &%£\zm 

MUTfi»"r*©T?, £©«»*«, KfiMa ©&&$ 

3 1 2 l©KftMb «Hn*.fcRMft£«ffi&&: 
0, ^HJHifclStef. (=7" { (Ma +Mb +Mc ) K 
/ (Ma +Mb ) Mc } /2 k) \ZU2>. £©fcfc» «f 

R2 ijfl«i/o^otJE»*nTv»*WHctt, to&RRft 

fi ©JDfi*Tttt©«»*tt*R*'i', 2nR£*fttt) 
#R4 l{C<fcO&ffl£tt£iO&«3 8. -£bT&lS#fi: 40 

«g^R4 2 t ± D«j*sns#K*w >«, 

[0 0 6 3] }Cftl852 2©ffi^*2 siMMMcR 

* o . ^ffiffl 3 o \z&vzm*&mi3tf-fe(Dm&J : iz 

/hS<&oT<4t, AlSM)3 6CJ:3Rftktt3 1©R 
/MRRtcRtt 2 1 AWCST, StffiMb ©SMSWVjsS 

<&*fc». *gffl)&©#igjig&&tt f 2 icfi^»Tv» 

<. ftoT. JnS£«RU¥R4 l£<l:Qft{jU3n«ft] 

jiR3 8©p»»f2 ©Mbrt^oRflbTv»e. cn 
\z£<o&m>f'(><b%.m\zMM-?z>o mz.ms2iifi so 
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mvm-mmztizt. ttauK©2nsnRftRftt*ftR 

[0 0 6 4] A8ttttft*¥R4 2 fc«fc Oftlgy^r 

R»sn*t. »ai*igs^^R4 3tt, ^©*^y-f 

D, «MrtB3 0©ttMWt, *o 
TV»fcW«R. Rt)«tTllW©«IB. »D«Lfc#»© 

\,>-m\z&zfri><mmj£?%*. *sf»j©» 

^©^»ttSISilf*R4 3tt. RfcROafttttttlC 
[0 0 6 5] ^LT, ffi^Mfli¥R4 4tt, «*3n 

&iwwttiBic»'jv>T, jeaa 2 5 m&k*/nr©ric 

•fe. RoT^&^*#R*©*fcK:tt, W»21*»L-d 
*»DtJE»*nTV»*©T». *EJf;>j2 5£M4>3i*5<k 
SfcttfPU RD^ntRtWfian&RRWIB©** 
fctt. ffij#*2 5 <£*iilP^ii-S«i;-5 fcfiJffll-r-S). tofe. 

#Hftttssifi^R4 2TrflWsn&*«y-f >^©*s 
»tt*aa9»*«i#R4 4fcfiBrr*j:5teu vs. 

*R»tt©ffllC*^TiE»* 2 5 *lWfPf*J:5 \Zh 
T%IK £©«£(£&, JtMStti&iS?»#R4 3«*g 

[0 0 6 6] K±©±3fc#*ttMfc««Wte*OlEflt 
fcRUT**©-C, WRj&tRDffl'TltlWO^BR/hK© 

K±t**v»iEi»*»CJ:S«f«©«jl*RW* c tfcpl 
ftfc&S. *fc, R»KRK:J:0Rft»©ARRRR«t 

[0 0 6 7] (ft 2 HJS0II) *S^tt2rfiJffl 

K"b*ja"r*ct«»T»*-&. c:nsft25iiss^ic«5^ 

»«RIHIRRtUTH3Rr^4*R!IHbO , 3RWr 

[0 0 6 8] 03 (A) ©JEBSH*«*r±5lC. Z\<D® 
RKRM-MSStt. Stha9®5 4 CHS) KC©ltWR 
i©llT ! boTft»t2>^'ft5 1, d©^"f-\'5 1 
ft3t»f*fc©©Rfttt^T— 5 3 RtfmmbtZ^fflW 
«St/uTi^ntH5. d©m(*tt^x-5 3tt, 

c©RHg«£j:-3Tra3n&jiMft*ajii?*tt 

[0 0 6 9] Sfc. 03 (B) ©«BB39»«TJ:5C, 



(9) 
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[0 0 7 0] ZLZ.~C, m3<D&OlZffif$.2ntc®&&®. 

9tmmw<D%m%±tiwffif$.* &xfz\<DmM£wt&m 
mm 5 4 tmfctfr im^n^>mws^<Dm& : Ey : )v^ 

H4t*-T. H4KJ:nK, m 3 ©J*8ffiftH-S!l£B© 
h^*.f*lC#fi»»»f i <-/" (K/Mc ) /2 

^/hSift^^aft^nfc^-f-;^-^ 5 2©®iiE& 

*#a6 9. *Hjanfc*«#ttfc»^T^-f'V5 1 io 
£*ttaw5 4©#«#j8£^£Tsjttett3&aj£fa 
7 0. «jesnfcfMM«ncas^v»T*-Y-A^E-^5 

2^©H»*/a»a#**afc**±3lc«irr*»! 

»*/B»*tm*a7 1. Rtfmmt)/mmi3&z<D 
n-snsi© s mtbiw -a c t c * o g?«ffi©#±*»« 

[0 0 7 1] *&, B4lC*3nfc«»*©*tili ; E7 i Jl' 
5 2©@feT\ tffaB*6 2J4^-f -V5 lO^-f'fr-y-'f 

tt^-^>hMa ©^-r-fs i©^;ph«c#*«a-r 

-So *fc, SMffi6 4«^-f-V5 1 tSH-SJB55 4t© 

HJ^g&tSfttttXx- 5 3 RtfCOtHMfcWItDtttt 
&nfc*#©«tt*ra«*J:©*B*tt*--.*>hMb t 
LTSb/tt)©^^ H4©<Ml i E7 i ;Hc*^ 
««ttiB6 4©»»tt«fctt#T**W*tttt. -t^t 

fcHi i©*«tx;i't*<racJiaca5©T?. s¥iSffl a? 

[0 0 7 2] sfclc. *»IM(cff«)INtffftttMin© 

[0073] ««]{cfetfjfflS5 4 =£^^-^5 ia«at&r 

KteBiLT^SB'&SSS'r*. -©*§"&, d©fNIg 

«t*»aiffi5 4i:*flE*»6*j«an*s»*J4, ffitt 

^E-*>h (Ma +Mb ) iHtt^-^hMc 
**2«tt*Cifi«Sn, -t©#fiH»Rttfi (=/" 

{ (Ma +Mb +Mc ) K/ (Ma +Mb ) Mc } /2 
it) tfc*. 40 

[0 0 7 4] dUT, (Ma +Mb ) »Mc&#af 
St, 

fi = f (K/Mc ) /2 7t 

[0 0 7 5] »JB*58^a6 7»4, *-f-JW-£ 5 
2'\©h;P*»<frlCffl«Rf . G/~(K/Mc)/2 

«) ©«/hfi»*»sMt*-a-*. «£ot, 

5 2 ©@e^(CfflST^ffitt^6 1 fctt, m$L®. f 
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9 6 6©Haaw«-»u na^t4*s-r*o 
[o o 7 6] *tc, ioSjfc5fctli#a6 8tt, anph;i/ 

* 6 6 IC«fc 9 £UfctRte# 6 1 ©lanE]ift©Sa^% 

aia-rs. jte©j:3iciMMBjw»oTv>ftv>««©t 
*»4. d©msi5«aai*a6 8icj:D, *«s»tf 
. ©A^^isngiffiimf^iotatBdns. 

[00 7 7]fc #a*ttft*¥B6 914, AStttt 

ttt, ^ii^&lgcf i ©fiiBi«»©fi<iffiS«*-r 
So cntt. tofih^6 6©**««W«*K:-j£fifc 
£3«£fc^$»T<6*. a*. S51 £»«©«!: 5 fc. JO 
£ h;P? 6 6 ©**MlcOTftiae9ft©«Mg#© 

fi*fi<h©jt (*ny-f» **»t*jhv». 

[0 0 7 8] -tbT, JHMKSStJI^B 7 0 (4. *Jg# 
ttC*^T, lMS©MMKB*ftft-r«. «*«. 

[0 0 7 9] MW)tl/mW}l>%W^W>7 ltt, « 

*snfc»u.««K:*^v»T, atts#iii-«*it©*a 
fl2ffl-r*«»a/a»a*«frr-5. -r&to-B. ;:©£ 

«^»H4, 3^*5 l©Bte*»*.*J:5fc:/l'--*a 
5 2fc*0^-ff5 l£lel&£-l±-5fc£©Sgi>££- ( j-*. 

s. Kid^^iiinis-a-si, uttttt-r**** 

[0 0 8 0] ±B©J:3fcttMra*BoT^ftV>ttai: 

M»a/K»*fc*jn3**J:3Ktttp-r.5. cncj; 
o, ctt**j|«*i48*-r a. 

[0 0 8 1] ult. X'Jy^aflE (^-f-^5 lOhU 

H ^ItttillB 5 4 t©*«JfiflD c»-r*«»»/B 

»*©Pfll*H5fcw-r..«5'lC*^T, ^1©®^ 
(A) ©X U y ^jg«©«iffl**»<i!ll® 6 4 *t^o TV^ft 
V^ttlBCjtSfftbT^*. MZVm®, (A) C*V»TiW» 
*/B»*tt^Uy^t«©»j»lt*K:*llDbTV»*C. 
t«»to3ft»<&. ft*. **»oT^lttV>tt"f©«* (A) 
TX'J y^ia4<0 J:D *£<&■&©«, ^-f-V5 1© 
hb-v H*<««l/T^SatlS*Tf©Mt, hb>y H§ 
#*i#tt^^-r5fefeT, Saffi6 4t4»oT^ftU 
*^jSgt^'fir5 l©He*a&©H*TJl« 
t, *fc*^bfSoTV>SA^©J:5C^5*^T&5. 
[0 0 8 2] ^©«fc3C»ttBi*»»-3Tl»a:lrotW£3 
n^c®^l;l4, «tt*/B»*»41ilPbT^<3&«. ^© 
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-drfcjtu&«R©«* (b) tn, mmme4ifimmz 

[0 0 8 3] S»Bfi*«» «tt#6 5ttffifcS 
fi OJiifttCjgBtT^-f, *©««*-.* >hMb ©& 

ittffij^ifc&lifz (=/" ( (Ma +Mc ) K/Ma Mc 
} /2 k) tt£Z>o Z.n&D. iJDS*^^S6 7 t5« 
WSRfi 0« h;^ 6 6 ta/MD{IUTt)I»tt 10 
*fi-B-r. HPfil6«ttffi#B!6 8C«kO*fll*nfclHrtE 
fc*. ^LT. ASttttSd££ 
©6 9 t«t DSWSnfc«*«fitttfW^LTSJPHI« 

v>«4tttoMMJW*Kff-r«. £©*Stt«fc«t*v> 
T«tt*/K»rtttfi#R7 lit MVrt/UKltflft 

*i-*j:"5ic«»-r*. 05©0rai> nw (b) (c*3 

[0 0 8 4] K±0±3K. S5«Bli6 435«»oT^a:^ 3? 

fflWV, »afcffi6 4#»oTV»*d: ! WJ£U&iS«, M 
id^/KKj* «t 5 emit 5 c t c <fc D > 

#©ffi (■7©K-iHC***) tt. &)B!ffi6 4Hi5tt3 

fyc*»*#i5©ffica5«k5 c«fcn*. 

[0 0 8 5] -f-L/T, **«»«HC#S:7 2tt, £*«S 
**tJ5t*«fc3«»Snfc«ft*/K»*SC©J!iaM» 
»ffl-8B«©eaT?l»irbT, ttttlB6 4lc43l*«»jkJ|l 50 

««»*was-rs. zncto, «tt®64©*««» 

[0 0 8 6] ttftflMS 4#. «*fi»ffi©*5 

fclHJia©*^*^. £©fHM«©Bafciu*.Tjfctl-&S 
HD!rrti©*]W([IHiBI5 4lC39>*'3fcD, i£K«ttUft 

<&ofcot5fc». «*sns»JMB«c*trttsssi 
at£u*. 0 6 (a) at; (b) ic^f«t5 

II, ^f-V5 l©@teiti,Mlli#±Tfc&ttT£*J:5£ 

©DDi!l©$>-5l§£Tfc, #&i6«lfc«*Jt«&tHI?l&fi 
tt, IttMinS 4K#CggTt>oT&ftrf5©-C, IE 
*ftlWS«*©SJffi*«flIiBt!&:*. fc*. -©*§£> Jl 
****©W»T**aatt, 5^ft5ii*-f-;w 

5 2 ©8tfi£gB#©ffiSftlT;&oT. IftftttXx- 5 

3«©«ffittis*sn*. 

[0 0 8 7] Sfc, 2tc««flllCfl(«l9t«{KftM-H«lB« 

*^cs5^tuT©owtn«, sa*©MWc<bj& 

ffl-e^S. fc*. £©*§-&, :5"f^5 l <bBB5ffl©JSM$ 50 



#M¥8-3 34 4 54 

IS 

[0 0 8 8] W*tf, ^7-^x7'J>^BIC^ffiU 
C©SHfc«kOW-*SnfcBSlS»««»t, * 

ff+©«mnjists^v>T, inatttt (mauD aw 

•J >^©SI6*S3MH*fcttJ|ftr?fc***C«3E-r<& 
$"OTS:fT5» nniC<fcoT> S8®©J§s&& 

«c#««*s*3fc€rs©"e. iteWtolRJMKfte 

[0 0 8 9] 3 SIC. 7>?-ayir:/W-*IH»fcfcj& 
fflT3;i£#T£5. CCD**. *tt«TB. 

WT5„ C©gfiTS»bfc#^R5*Sai 
■T©T?fc<. M&Rtt&BMt7 oicfcomifsnfc* 
*ttJ^*ff©fflW»fc«U *UJSnfcJ«8««**» 

o jet eta £ & 5 <t 5 t 7 1^-+ a & aut § «t 5 1 l 

T*AV». «*©«£. JWWSSctl-MSH©^ 
[0 0 9 0] «±«»**WlC«-5*Jfi«n?**JJ*. ±8B 

*iB»3R©*«H*»T«/hjnfi"r*«fc5fcbTv»fc 

[0 0 9 1] ^1©^SSJ8«<!:UT, «>ttf*'7'fhy 

ns©itk:»^»T*i»Mts*m-r* - t*«T?€?a. 

[0 0 9 2] *&, Sg2©§y6igffi<!:LT. O/WX 

[0 0 9 3] ^©ct'SIC, ^l©^JSfil«35.0:m2©^ 

«9^<ha:0. «JBtt©*ft6t«KWC"b«5MCa:*. 
[0 0 9 4] !§•£, «iS1$fttbT. 

*©li>|gfi^}||J¥Lfc*i, «ajx.li. #^IS«<iic^-r 
S^:S1i^©*fi^»S©^b&^l?ts«fc5 
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[0095] ssk. mmti<Dm&mt. &mm®.Rt 

[0 0 9 6] 

ztm#m2<o%w\z£n\& fflm<D&&#m&; mm 
*©#*ttttfc*-2v»T«*"r*«fc3fcUfc©T. mm 
*i/>zfMz-?%z>tmz. ^a*^<. m&tn 
mum*t&* t*to*j:3a»&Tr"b. KvMnarcjEii 

[0097] K#JB3Ri«#»4©!figjK:«fcntf. m 
»*©«<»ttfcii^wTWian&jMM«i*, so 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the one side side element of the contact surface which frictional force produces — this contact surface and 
abbreviation — vibration system which connected the spring element displaced in the parallel direction, and connected 
the inertial field to the other end of this spring element According to the exciting force containing the resonance 
frequency of this vibration system, or the oscillating component near the resonance frequency An exciting-force 
generating means to excite said vibration system, and an excitation response detection means to detect the quantity of 
state of the excitation response of vibration system by which excitation was carried out with this exciting-force 
generating means, A resonance characteristic operation means to calculate the resonance characteristic of said vibration 
system based on the quantity of state of the exciting force generated by said exciting-force generating means, and the 
quantity of state of the excitation response detected by said excitation response detection means, Friction condition 
detection equipment including a friction condition operation means to calculate the friction condition in said contact 
surface based on the resonance characteristic calculated with this resonance characteristic operation means. 
[Claim 2] it connects with the one side side element of the contact surface which frictional force produces - having - 
this contact surface and abbreviation - with the spring element displaced in the parallel direction The vibration system 
in which consists of an inertial field connected to the other end of this spring element, and excitation is carried out by 
external force, An external force detection means to detect the quantity of state of said external force, and a condition 
detection means to detect the quantity of state of the excitation response of said vibration system in which excitation 
was carried out by said external force, A resonance characteristic operation means to calculate the resonance 
characteristic of said vibration system based on the quantity of state of the external force detected by said external force 
detection means, and the quantity of state of the excitation response detected by said excitation response detection 
means, Friction condition detection equipment including a friction condition operation means to calculate the friction 
condition in said contact surface based on the resonance characteristic calculated with this resonance characteristic 
operation means. 

[Claim 3] the one side side element of the contact surface which frictional force produces — this contact surface and 
abbreviation - vibration system which connected the spring element displaced in the parallel direction, and connected 
the inertial field to the other end of this spring element According to the exciting force containing the resonance 
frequency of this vibration system, or the oscillating component near the resonance frequency An exciting- force 
generating means to excite said vibration system in the generating direction of frictional force, and an excitation 
response detection means to detect the quantity of state of the excitation response of said vibration system by which 
excitation was carried out with this exciting- force generating means, A resonance characteristic operation means to 
calculate the resonance characteristic of said vibration system based on the quantity of state of the exciting force 
generated by said exciting-force generating means, and the quantity of state of the excitation response detected by said 
excitation response detection means, Friction condition detection equipment including a maximum-frictional-force state 
control means to control said applied force generating means to be in a condition just before said contact surface starts 
based on the resonance characteristic calculated with an applied force generating means to give applied force to the one 
side side element of said contact surface, and said resonance characteristic operation means. 

[Claim 4] it connects with the one side side element of the contact surface which frictional force produces — having — 
this contact surface and abbreviation - with the spring element displaced in the parallel direction The vibration system 
in which consists of an inertial field connected to the other end of this spring eiement, and excitation is carried out by 
external force, An external force detection means to detect the quantity of state of said external force, and a condition 
detection means to detect the quantity of state of the excitation response of said vibration system in which excitation 
was carried out by said external force, A resonance characteristic operation means to calculate the resonance 
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characteristic of said vibration system based on the quantity of state of the external force detected by said external force 
detection means, and the quantity of state of the excitation response detected by said excitation response detection 
means, Friction condition detection equipment including a maximum-frictional-force state control means to control said 
applied force generating means to be in a condition just before said contact surface starts based on the resonance 
characteristic calculated with an applied force generating means to give applied force to the one side side element of 
said contact surface, and said resonance characteristic operation means. 

[Claim 5] Friction condition detection equipment of claim 3 or claim 4 which includes further a maximum-frictional- 
force operation means to calculate the value of the maximum frictional force in said contact surface, and a coefficient- 
of- friction operation means to calculate coefficient of friction of said contact surface based on the value of the 
maximum frictional force calculated with this maximum-frictional-force operation means, based on the applied force 
when changing into a condition just before said contact surface starts with said maximum-frictional-force state control 
means. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the friction condition detection equipment controlled to be in a friction 
condition just before it detects a friction condition based on the resonance characteristic of the vibration system which 
has the contact surface which starts friction condition detection equipment, especially frictional force produces and the 
contact surface starts. 
[0002] 

[Description of the Prior Art] There is the following as the technique which measures frictional force or coefficient of 
friction, and a technique which controls by detecting a friction condition. 

[0003] The maximum frictional force Fmax generated between the body 1 of mass M, and the measured field 2 in the 
model shown in drawin g 7 It is Fmax when a load is set to W (=Mg;g is gravitational acceleration) and a coefficient 
of friction of rest is set to mustat. It is expressed with mustat-W. External force Fext impressed from the outside here 
Maximum frictional force Fmax If it is the following, it will stop at a quiescent state. However, external force Fext It is 
once the maximum frictional force Fmax. If it exceeds, it will start suddenly. The frictional force Ftran at that time is 
dynamic friction coefficient mutrans. Ftrans = It is expressed with mutrans and W. 

[0004] However, it is external force Fext in this way. Maximum frictional force Fmax Since a condition changes a lot 
at the same time it is completely changeless and exceeded the maximum frictional force until it exceeded, it is very 
difficult to get to know whether it is in a condition just before starting before starting. 

[0005] Then, in the conventional frictional force measuring device, it applies and lets external force slide in advance, 
and is the maximum frictional force Fmax at that time. By investigating, frictional force is measured and it is the 
maximum frictional force Fmax further. He was trying to measure coefficient-of-friction-of-rest mustat by doing a 
division by the self-weight of equipment. 

[0006] Moreover, in the field of foundry technique, there is a technique which measures the frictional force which acts 
between a cast piece and mold on the occasion of the drawing of a cast piece performed connecting with the source of 
excitation through an excitation beam, making an excitation beam rock to the circumference of the predetermined 
supporting point by actuation of this source of excitation, and exciting this mold while carrying out fixed support of the 
mold for continuous casting at a shaking table. The frictional force between mold and a cast piece uses affecting the 
load of the source of excitation, and expresses the property of the vibration system of mold with a transfer function, and 
these techniques measure the frictional force between mold and a cast piece based on this transfer function. There is a 
technique indicated by JP,4-84652,A as a technique which expected improvement in operation speed, and accuracy 
especially with the frictional force measurement technique in the field of such foundry technique. 
[0007] The technique of JP,4-84652,A calculates the frictional force which faces drawing out a cast piece from the 
mold by which excitation was carried out, and acts among both based on the rocking torque committed to mold in case 
the part of mold approach is excited according to the state space model formulized in the mode part solution method 
rather than the supporting point of an excitation beam, and the variation rate produced in mold by excitation. In 
addition, in order to search for the rocking torque committed to mold correctly, the approach of amending by distortion 
which detected distortion produced with an excitation beam in the part from the source of excitation rather than the 
supporting point of the exciting force which sources of excitation, such as an excitation cylinder, emit, and an 
excitation beam, and produced the detected exciting force with the excitation beam, and calculating rocking torque is 
used. Thus, in case a high-speed operation is attained and rocking torque is further calculated by making a model 
simple as a bending beam which excites the lumped mass which consists of a shaking table and mold the between to 
the mold which serves as an excitation object from the supporting point of an excitation beam with this technique by 
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the rocking torque which acts on the supporting point, measurement of exact frictional force is enabled by amending 
exciting force by distortion of an excitation beam. 

[0008] Moreover, there is electronics control power-steering equipment indicated by JP,4-230472,A as a technique 
which measures coefficient of friction between a wheel and a road surface, and controls in the field of the control 
technique of an automobile based on this coefficient of friction. 

[0009] The measuring method of coefficient of friction indicated by JP,4-230472,A A rear wheel by inputting an 
excitation signal into a solenoid valve from a controller A rudder angle equivalent to **lmm, **** periodically on the 
frequency of 2Hz and reaction force sensors, such as a load cell, detect the reaction force over the cornering force and 
self aryne GUTORUKU which were generated in the rear wheel by this periodic ****. A cornering power and selfer 
lining power are calculated based on the value of the detected reaction force, and road surface coefficient of friction is 
measured by the result of an operation based on the relation of these power and road surface coefficient of friction. 
[0010] Moreover, even if it slams the brake by controlling a brake force so that it may be in a condition just before it 
guesses the friction condition of a road surface and a wheel and the contact surface starts, there is an anti-lock brake 
control unit as a technique which prevents locking a wheel and slipping. 

[001 1] Here, although a slip will arise between a wheel and a road surface if brakes are applied while running at a rate 
with a car, it is known that the coefficient of friction mu between a wheel and a road surface will change like drawin g 9 
to slip ratio S expressed with the following (1) type. In addition, vv* is vw whenever [ real car-body- speed ]. It is 
whenever [ wheel speed ]. 
[0012] 

S=(w*-vw)/vv* ... (1) 

In this mu-S property, coefficient of friction mu comes to take peak value with a certain slip ratio (A2 field of drawing 
9). 

[0013] Then, he detects slip ratio from whenever [ car-body-speed ], and whenever [ wheel speed ], and was trying to 
control a brake force by the conventional anti-lock brake control unit to become the slip ratio to which coefficient of 
friction mu takes peak value. 
[0014] 

[Problem(s) to be Solved by the Invention] However, with the above-mentioned conventional frictional force detection 
equipment, when the case where sliding is not allowed, and coefficient of friction change, detecting on real time 
becomes very difficult about in what kind of condition a friction condition is now. There is load grasping equipment 
which grasps a load by the necessary minimum force which detects frictional force and a load does not slide down as 
such an example. 

[0015] Moreover, in the frictional force measuring device of JP,4-84652,A, the linear model of the mold approximated 
with the lumped mass which is vibrating by rocking torque is assumed, and in order to calculate the frictional force 
which has affected vibration of mold only based on the variation rate of rocking torque and mold, there is a problem of 
being easy to be influenced of a noise etc. Moreover, under the conditions with which the above-mentioned assumption 
is not filled, in this model, since exact measurement of frictional force becomes impossible, the problem that the 
application range is very narrow arises. Even if it is able to build the model suitable for conditions, depending on a 
model, a complicated operation will be needed in many cases, and in this case, the new problem of it becoming 
impossible to calculate frictional force on real time is also produced. 

[0016] Moreover, it is necessary to **** a wheel periodically, to generate a cornering force etc. and to detect the 
reaction force of the wheel to this, and there is a problem that a gaging system becomes complicated, by the measuring 
method of coefficient of friction indicated by JP,4-230472,A. Furthermore, since the relation between a cornering 
power etc. and road surface coefficient of friction is assumed with the predetermined tnodel, the problem of being weak 
is also in a noise. 

[0017] Moreover, in the conventional anti-lock brake control unit, the slip ratio from which the coefficient of friction 
mu between the tire under operation and a road surface changes every moment, and coefficient of friction mu serves as 
a peak since there are also many noises also changes, and suitable brake control becomes very difficult. 
[0018] This invention was made in order to cancel the above-mentioned conventional trouble, and it assumes a model 
with the large dependence of a system configuration or conditions, and a friction condition is not detected based on a 
mere oscillation characteristic, a mere displacement response, etc. By making positively the resonance state which 
reflects frictional force more sensitively, and calculating a friction condition paying attention to the resonance 
characteristic of this resonance state While there are many noises and they can detect a friction condition correctly also 
in the situation that a friction condition changes every moment, it aims at offering the friction condition detection 
equipment of the large simple configuration of applicability. 
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[0019] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention of claim 1 the one side side 
element of the contact surface which frictional force produces - this contact surface and abbreviation — according to 
the vibration system which connects the spring element displaced in the parallel direction, and comes to connect an 
inertial field with the other end of this spring element, and the exciting force containing the resonance frequency of this 
vibration system, or the oscillating component near the resonance frequency An exciting-force generating means to 
excite said vibration system, and an excitation response detection means to detect the quantity of state of the excitation 
response of vibration system by which excitation was carried out with this exciting-force generating means, A 
resonance characteristic operation means to calculate the resonance characteristic of said vibration system based on the 
quantity of state of the exciting force generated by said exciting-force generating means, and the quantity of state of the 
excitation response detected by said excitation response detection means, It is constituted including a friction condition 
operation means to calculate the friction condition in said contact surface based on the resonance characteristic 
calculated with this resonance characteristic operation means. 

[0020] invention of claim 2 is connected to the one side side element of the contact surface which frictional force 
produces — having - this contact surface and abbreviation - with the spring element displaced in the parallel direction 
The vibration system in which consists of an inertial field connected to the other end of this spring element, and 
excitation is carried out by external force, An external force detection means to detect the quantity of state of said 
external force, and a condition detection means to detect the quantity of state of the excitation response of said 
vibration system in which excitation was carried out by said external force, A resonance characteristic operation means 
to calculate the resonance characteristic of said vibration system based on the quantity of state of the external force 
detected by said external force detection means, and the quantity of state of the excitation response detected by said 
excitation response detection means, It is constituted including a friction condition operation means to calculate the 
friction condition in said contact surface based on the resonance characteristic calculated with this resonance 
characteristic operation means. 

[0021] the one side side element of the contact surface where frictional force produces invention of claim 3 — this 
contact surface and abbreviation — with the vibration system which connects the spring element displaced in the 
parallel direction, and comes to connect an inertial field with the other end of this spring element According to the 
exciting force containing the resonance frequency of this vibration system, or the oscillating component near the 
resonance frequency An exciting-force generating means to excite said vibration system in the generating direction of 
frictional force, and an excitation response detection means to detect the quantity of state of the excitation response of 
said vibration system by which excitation was carried out with this exciting- force generating means, A resonance 
characteristic operation means to calculate the resonance characteristic of said vibration system based on the quantity of 
state of the exciting force generated by said exciting- force generating means, and the quantity of state of the excitation 
response detected by said excitation response detection means, It is constituted including a maximum-frictional-force 
state control means to control said applied force generating means to be in a condition just before said contact surface 
starts based on the resonance characteristic calculated with an applied force generating means to give applied force to 
the one side side element of said contact surface, and said resonance characteristic operation means. 
[0022] invention of claim 4 is connected to the one side side element of the contact surface which frictional force 
produces ~ having ~ this contact surface and abbreviation — with the spring element displaced in the parallel direction 
The vibration system in which consists of an inertial field connected to the other end of this spring element, and 
excitation is carried out by external force, An external force detection means to detect the quantity of state of said 
external force, and a condition detection means to detect the quantity of state of the excitation response of said 
vibration system in which excitation was carried out by said external force, A resonance characteristic operation means 
to calculate the resonance characteristic of said vibration system based on the quantity of state of the external force 
detected by said external force detection means, and the quantity of state of the excitation response detected by said 
excitation response detection means, It is constituted including a maximum-frictional-force state control means to 
control said applied force generating means to be in a condition just before said contact surface starts based on the 
resonance characteristic calculated with an applied force generating means to give applied force to the one side side 
element of said contact surface, and said resonance characteristic operation means. 

[0023] Invention of claim 5 is constituted based on the applied force when changing into a condition just before said 
contact surface starts with the maximum-frictional-force state control means of claim 3 or claim 4, including further a 
maximum-frictional-force operation means to calculate the value of the maximum frictional force in said contact 
surface, and a coefficient-of-friction operation means to calculate coefficient of friction of said contact surface based on 
the value of the maximum frictional force calculated with this maximum-frictional-force operation means. 
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[0024] 

[Function] First, vibration system 15 of drawing 8 is used as a model, and the principle of this invention is explained. 
As shown in drawin g 8 , vibration system 15 is mass Ma. An inertial field 1 1 and mass Mb which contacts through this 
inertial field 1 1 and contact surface 10 Mass Mc attached in the spring element 13 of spring constant K attached in the 
end of an inertial field 12 and an inertial field 11, and the other end of this spring element It consists of inertial fields 
14. 

[0025] since an inertial field 12 interlocks and vibration system 15 vibrates to vibration of an inertial field 1 1 in the 

condition that the contact surface 10 is not [ the frictional force generated in the contact surface 10 ] slippery within the 

maximum frictional force — the spring and mass Mc of mass (Ma+Mb) and spring constant K from - it becomes 

becoming two systems of inertia and equivalence. Therefore, resonance frequency fl in the vibration system 15 in case 

frictional force is less than the maximum frictional force fl =root {(Ma+Mb+Mc) K/(Ma+Mb) Mc} /2pi ... (2) 

It becomes. Moreover, if the inertial field 12 of another side is the fixed end, the resonance frequency fl of (2) types is. 

fl=root(K/Mc)/2pi... (3) 

It can be alike and can approximate. 

[0026] since [ on the other hand, ] an inertial field 12 cannot be followed in footsteps of vibration of an inertial field 1 1 
but the effect of the inertia becomes small, after frictional force has started exceeding the maximum frictional force - 
vibration system 15 - mass Ma Mass Mc from — being equivalent to two becoming systems of inertia ~ becoming — 
the resonance frequency f2 f2 =root{(Ma+Mc) K/Ma Mc} / 2pi ... (4) 
It becomes. 

[0027] Here, it is resonance frequency fl to a direction parallel to the contact surface 10 about this vibration system 15. 
Or the case where minute vibration is carried out by the exciting force 16 of an about [ fl ] frequency is assumed, the 
time of being in the condition that the contact surface 10 is not slippery — the resonance frequency of vibration system 
15 — fl it is ~ since - vibration system 15 — setting — frequency fl An oscillating component is amplified. That is, 
vibration system 15 will be in the resonance state in which an about [ frequency fl ] oscillating component appears 
strongly. In addition, there is resonance gain expressed with a ratio with the maximum of the oscillating component of 
vibration system 15 to the maximum amplitude of exciting force 16 to express the resonance characteristic of vibration 
system 15. In the case of the resonance state, this resonance gain becomes larger to Haruka than 1, and when it is not 
the resonance state, it becomes small as compared with the resonance state. 

[0028] On the other hand, if it comes until just before frictional force and the force of an opposite direction approach 
the maximum frictional force and start in the contact surface 10, phase contrast will begin to appear to vibration by 
exciting force 16, and vibration of an inertial field, and resonance gain will decrease rapidly. 
[0029] And when the contact surface 10 shifts to the condition of sliding completely, the resonance frequency of 
vibration system 15 is £2. Frequency fl given according to exciting force 16 since it was in agreement An oscillating 
component is decreased and vibration system 15 stops resonating. 

[0030] Moreover, vibration system 15f2 When exciting by the exciting force 16 of a nearby frequency, and it is in the 
condition that the contact surface 10 is not slippery, and vibration system 15 does not resonate but the contact surface 
10 starts, vibration system 15 is a frequency f2. An oscillating component will be in the resonance state which appears 
strongly. 

[0031] Moreover, exciting force 16fl f2 Although it resonates even when it is any in the condition of sliding with the 
condition that the contact surface 10 is not sliding on vibration system 15 when both the oscillating components of a 
nearby frequency are included, the resonance frequency from which the amplitude serves as a peak will change. 
[0032] In addition, the model of vibration system with which an above-mentioned inertial field vibrates along with a 
straight line is easily extensible also to a rotational-vibration system. As shown in drawing 10 as a model of this 
rotational-vibration system, there is vibration system constituted by the oscillating phenomenon, i.e., the car body, 
wheel, and road surface in a wheel when the car equipped with the car body 1 12 of weight W is running at a rate v. 
Then, it explains with reference to the model which shows the oscillating phenomenon of this vibration system to 
drawin g 1 1 modeled equivalent with the wheel revolving shaft. 

[0033] Here, although a brake force (damping force) acts on a road surface through the front face of the tread 1 15 of 
the tire which touches a road surface, in order that this brake force may act on a car body 1 12 as reaction from a road 
surface in fact, the equivalence model 1 17 of revolving-shaft conversion of a body weight becomes what was 
connected with a wheel 113 and the opposite side through the friction element 116 between the tread of a tire, and a 
road surface. This is the same like chassis DYNAMO equipment with the ability of the weight of a car body to be 
simulated with the mass of the big inertia under a wheel, i.e., a wheel, and the opposite side. 
[0034] It is [ inertia / of the wheel 113 which contained the tire rim by drawin g 10 and drawing 1 1 ] JV about the 
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inertia of the equivalence model 1 17 of K, and mu and revolving-shaft conversion of the weight of a car body 1 12 of 
the inertia of a tread 1 15 in the spring constant of the spring element 1 14 between Jw, a rim, and a tread 15. If it carries 
out, the property of the whole system will become like following (5) - (7). [ coefficient of friction of the friction 
element 116 between Jt, a tread 115, and a road surface ] In addition, the second degree differential d2 / dt2 below '"" 
expresses the first degree differential d/dt about time amount, and concerning time amount It expresses with 
[0035] 

JW thetaw" = -T+K (thetat-thetaw) ... (5) 
Jt thetat" = -K(thetat-thetaw)+muWR ... (6) 
Jv omegav' = -muWR ... (7) 
It is here, ww = thetaw 1 ... (8) 
Jv = R2 W... (9) 
omegav = v/r ... (10) 

Come out, and it is and is thetaw. For the angle-of-rotation acceleration of a wheel 113, and ww, the angular rate of 
rotation of a wheel 113 and thetat are [ the angle of rotation of a wheel 113, and thetaw" ] the angle of rotation of a 
tread 1 15, and thetat". The angle-of-rotation acceleration of a tread 115, and omegav The weight of a car body and R of 
the angular rate of rotation of revolving-shaft conversion of the car-body equivalence model 117, the damping torque 
with which T is added to a wheel 113, and W are wheel radii. Braking-torque T is the pressure Pb of a brake bulb in 
fact. Control performs. 

[0036] if it thinks that the tread 115 and the car-body equivalence model 1 17 are linked directly when the tire grips — 
the inertia of the sum of the inertia of the car-body equivalence model 117, and the inertia of a tread 115, and the inertia 
of a wheel 1 13 - resonating - the resonance wave number fl of the wheel resonance system at this time fl =root 
{(Jw+Jt+Jv) K/Jw} (Jt+Jv) /2pi ... (1 1) 

It becomes a next door, a formula (2), and the completely same format. This condition is a field Al on drawing 9 . It 
corresponds. 

[0037] When the coefficient of friction mu of a tire approaches Peak mu, the coefficient of friction mu on the front face 
of a tire stops being able to change easily to slip ratio S, and the component accompanying vibration of the inertia of a 
tread 1 15 stops on the contrary, influencing the car-body equivalence model 117. That is, a tread 115 and the car-body 
equivalence model 117 will be separated equivalent, and a tread 115 and a wheel 1 13 will cause resonance. Resonance 
frequency f2 of the wheel resonance system at this time f2 =root {(Jw+Jt) K/Jw Jt} /2pi ... (12) 

It becomes a next door, a formula (4), and the completely same format. If this condition corresponds to the field A2 of 
drawin g 9 and generally reaches the point of Peak mu, it changes to field A3 in an instant, and a tire locks it. On the 
other hand, the peak of the gain of whenever [ in resonance frequency / wheel speed ] also decreases rapidly just before 
Peak mu. 

[0038] Size relation of each inertia Jt <Jw <Jv ... (13) 
Come out, and it is and is this, fl <f2 ... (14) 

It comes to be alike. That is, when a tire results in a lock, the resonance frequency of a wheel resonance system will 
shift to a RF side. Moreover, change of this resonance frequency is rapidly generated near peak mu. 
[0039] A model is simplified and it is the inertia Jt of a tread 1 15. If a peak mu condition is approached even when it 
ignores, change of the peak of the resonance frequency of a wheel resonance system and the gain of whenever [ wheel 
speed ] takes place, and the same analysis is possible for it. 

[0040] As mentioned above, the resonance characteristic which frequency component [ the existence of resonance of 
vibration system 15 or a wheel resonance system, change of resonance frequency, and ] of exciting force amplified or 
declined by what resonance gain according to the friction condition of the contact sufface changes a lot. On the 
contrary, if this resonance characteristic is detected, friction conditions (condition just before starting etc.), coefficient 
of friction, etc. of the contact surface can be calculated. 

[0041] then, the one side side element of the contact surface which frictional force produces in invention of claim 1 — 
this contact surface and abbreviation - an exciting-force generating means excites the vibration system which 
connected the spring element displaced in the parallel direction, and connected the inertial field to the other end of this 
spring element according to the exciting force containing the resonance frequency of this vibration system, or the 
oscillating component near the resonance frequency, in addition, the variation rate of a spring element — a direction — 
the contact surface and abbreviation — if it is an parallel direction (the inside of the contact surface is included) - 
arbitration - it can set up suitably. Next, an excitation response detection means detects the quantity of state of the 
excitation response of vibration system by which excitation was carried out. This excitation response is the acceleration 
of the inertial field by exciting force etc., and has frequency distribution of the oscillating component of acceleration 
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etc. as this quantity of state. Next, a resonance characteristic operation means calculates the resonance characteristic of 
said vibration system based on the quantity of state of exciting force, and the quantity of state of the detected excitation 
response. And a friction condition operation means calculates the friction condition in said contact surface based on the 
calculated resonance characteristic. According to this calculated friction condition, it can be identified and judged 
quantitatively whether it is in the condition that the contact surface is not slippery, a condition just before starting, and 
which condition in the condition of sliding. Moreover, since the resonance characteristic of vibration system is used, 
there is an advantage that detection sensitivity cannot be highly influenced easily of disturbance, such as a noise. 
[0042] In calculating whether it is in a friction condition just before the contact surface 10 starts in the vibration system 
15 of drawin g 8 in this invention For example, resonance frequency fl of the vibration system 15 when the contact 
surface 10 is not slippery Or fl Vibration system 15 is excited on a nearby frequency. Frequency fl The resonance gain 
of the vibrating component is calculated, and when this resonance gain becomes smaller than the 1st reference value, it 
judges with a condition just before a friction condition starts. Moreover, resonance frequency f2 when the contact 
surface is slippery It excites, and when the resonance gain of the component which vibrates on this frequency becomes 
larger than the 2nd reference value, you may judge with a condition just before starting. Furthermore, it is resonance 
frequency fl at least. And f2 It may excite by the exciting force containing two oscillating components, and a friction 
condition may be calculated based on the value change of resonance frequency. 

[0043] Moreover, when the external force which has frequency characteristics, such as white noise, in vibration system 
has always inputted, even if it does not give exciting force with an exciting-force generating means, vibration system 
vibrates by the resonance characteristic peculiar to a friction condition. 

[0044] So, in invention of claim 2, an external force detection means detects the quantity of state of external force, and 
a response oscillating detection means detects the quantity of state of response vibration of the vibration system over 
external force. Next, a resonance characteristic operation means calculates the resonance characteristic based on the 
detected external force and the quantity of state of response vibration. And a friction condition operation means 
calculates the friction condition in the contact surface based on the calculated resonance characteristic. Thus, when 
vibration system causes resonance by external force, an exciting- force generating means can be omitted and equipment 
can be constituted simply. 

[0045] Moreover, the principle of the friction condition detection based on the above resonance characteristics is 
applicable also to the equipment controlled to hold a condition, i.e., the maximum frictional force, just before the 
contact surface starts. 

[0046] So, in invention of claim 3, an exciting-force generating means excites vibration system according to the 
exciting force containing the resonance frequency of this vibration system, or the oscillating component near the 
resonance frequency. Next, an excitation response detection means detects the quantity of state of the excitation 
response of vibration system by which excitation was carried out, and a resonance characteristic operation means 
calculates the resonance characteristic of vibration system based on the quantity of state of exciting force, and the 
quantity of state of the detected excitation response. Moreover, applied force is given to the one side side element of the 
contact surface by the applied force generating means, and this applied force is controlled by the maximum- frictional- 
force state control means to be in a condition just before the contact surface starts based on the calculated resonance 
characteristic. This grasps a load, and since the retention span (applied force) which grasps a load with the equipment 
to which lift up and it is made to move is controlled to be in a friction condition just before the contact surface with a 
load starts, a possibility of destroying a load superfluously at a big retention span is avoidable. In addition, there is 
damping force like a brake force which acts on the driving force for rotating a wheel etc. other than a retention span, a 
wheel, etc. as a mode of this applied force. If a brake force is controlled to be in a condition just before the friction 
condition of a wheel and a road surface starts, it is applicable also to an anti-lock brake control unit. 
[0047] Moreover, when the external force which has frequency characteristics, such as white noise, in vibration system 
like invention of claim 2 has always inputted, even if it does not give exciting force with an exciting-force generating 
means, vibration system vibrates by the resonance characteristic peculiar to a friction condition. 
[0048] So, in invention of claim 4, an external force detection means detects the quantity of state of external force, and 
a response oscillating detection means detects the quantity of state of response vibration of the vibration system over 
external force. Next, a resonance characteristic operation means calculates the resonance characteristic based on the 
detected external force and the quantity of state of response vibration. Moreover, applied force is given to the one side 
side element of the contact surface by the applied force generating means, and this applied force is controlled by the 
maximum-frictional-force state control means to be in a condition just before the contact surface starts based on the 
calculated resonance characteristic. Thus, when vibration system causes resonance by external force, an exciting-force 
generating means can be omitted and equipment can be constituted simply. 
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[0049] Moreover, when applied force is controlled to be held like invention of claim 3 or claim 4 at a condition just 
before the contact surface starts, the force generated in the contact surface according to this applied force turns into 
force equal to the maximum frictional force. Therefore, the value of the maximum frictional force can be calculated 
based on applied force. Furthermore, if the value of the maximum frictional force is known, a coefficient of friction of 
rest will be called for by doing the division of this by the self-weight of equipment. 

[0050] So, in invention of claim 5, the value of the maximum frictional force in the contact surface is calculated with a 
maximum-frictional-force operation means based on the applied force when changing into a condition just before the 
contact surface starts. And based on the value of the calculated maximum frictional force, a coefficient of friction of 
rest is calculated with a coefficient-of-friction operation means. Even when coefficient of friction measures by this on 
the road surface which changes every moment, a coefficient of friction of rest can be detected correctly and 
continuously. 
[0051] 
[Example] 

(The 1st example) The example of the friction condition detection equipment using the resonance characteristic is 
hereafter explained to a detail based on a drawing. 

[0052] The 1st example explained below makes it possible to grasp by the suitable force, without [ without it drops a 
load by applying to the load grasping equipment to which a load is grasped and the friction condition detection 
equipment of this invention is moved like a crane, and ] damaging a load. The load grasping equipment concerning this 
1st example is explained referring to drawin g 1 and drawing 2 . 

[0053] As shown in the front view of drawin g 1 (A), the load grasping equipment concerning this example consists of 
pulling devices (with no illustration) for leading the wire 24 attached in this retention span generating section 23, and 
this wire 24, in order to lift the retention span generating section 23 for giving a retention span to the grasping section 
22 which grasps a load 21, and this grasping section 22, and the whole. Moreover, when the appearance of this load 
grasping equipment is seen from a side face, it turns out that it is shown like drawing 1 (B) and the retention span 25 
which grasps a load 21 is given in the direction which drawing shows. 

[0054] In addition, the maximum frictional force generated in the contact surface of the grasping section 22 and a load 
21 is determined by the product of coefficient-of-friction-of-rest mustat in a retention span 25 and this contact surface. 
Therefore, when a retention span 25 is large enough and the maximum frictional force is beyond the load of a load 21, a 
load 21 is not slid down, but when a retention span becomes small and the maximum frictional force becomes smaller 
than the load of a load 21, a load 21 will be slid down conversely. 

[0055] The control system for controlling a retention span 25 to drawin g 2 and the detailed configuration of the 
grasping section 22 are shown. It is the mass Mc from which the grasping section 22 constitutes that outline part as 
shown in drawing 2 . The spring element 33 and the spring element 34 of spring constant K / 2 are minded [ this / 35 ] 
respectively, and it is [ an inertial field 35 and ] mass Mb. Mass Ma attached in the side in contact with a load 21 It is 
constituted including the contact section 31. 

[0056] In addition, the contact section 31 is attached so that it may displace horizontally through the spring element 33 
and the spring element 34. That is, in this example, the displacement directions of a spring element are the contact 
surface 30 and abbreviation parallel, and the generating direction of the frictional force which resists the load of a load 
21 becomes perpendicular. 

[0057] Moreover, between the contact section 31 and an inertial field 35, the exciting-force generating means 40 which 
applies and carries out the minute excitation of the exciting force 36 of the excitation frequency f2 (=root {(Ma+Mc) 
K/MaMc} /2pi) is attached in the direction in which the spring element 33 and the spring .element 34 displace the 
contact section 3 1 . As shown in drawing 1 (A), minute vibration of the load 21 will be carried out to a horizontal 
direction 26 with the contact section 31 according to this exciting force 36. This exciting-force generating means 40 
attaches a piezoelectric device in the anchoring parts of the spring element 33 and the spring element 34, and can 
realize it easily by carrying out the variation rate of this piezoelectric device with an electric drive. Moreover, the 
magnetic substance and a coil are attached in the contact section 31 and an inertial field 35, respectively, and it can 
realize easily also by carrying out minute excitation by the suction repulsive force of an electromagnet. 
[0058] Furthermore, an excitation response detection means 41 to detect the response characteristic of the contact 
section 31 at the time of minute excitation being carried out by the exciting-force generating means 40 is attached in the 
contact section 31. This response detection means 41 is realizable with the accelerometer 37 which measures the 
acceleration 38 of the contact section 31 by exciting force 36 as a response characteristic. 
[0059] Moreover, a resonance characteristic operation means 42 to calculate the resonance characteristic of the 
grasping section 22 which grasped the load 21 based on response characteristics, such as the exciting force 36 given by 
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the exciting- force generating means 40 and the acceleration 38 detected by the excitation response detection means 41, 
is established. This resonance characteristic is expressed with the ratio (resonance gain) of the maximum amplitude of 
the oscillating component of acceleration 38 to the maximum amplitude of exciting force 36, change of resonance 
frequency, etc. 

[0060] Furthermore, based on a friction condition operation means 43 to judge the friction condition of the contact 
surface of the contact section 31 and a load 21 based on the resonance characteristic calculated with the resonance 
characteristic operation means 42, and this judged friction condition, the retention span control means 44 which adjusts 
the retention span which controls the retention span generating section 23 and is impressed to the grasping section 22 
the optimal is established. 

[0061] Next, an operation of this load grasping equipment is explained. Excitation frequency f2 of the exciting force 
given by the exciting-force generating means 40 It is the resonance frequency of the vibration system which consists of 
the contact section 31 when the contact section 31 is separated with the load 21, the spring element 33, the spring 
element 34, and an inertial field 35. 

[0062] By the way, when the load 21 is firmly grasped by the retention span 25 of the grasping section 22 Since a load 
21 follows in footsteps completely and vibrates with minute vibration of the contact section 31 by exciting force 36, 
this vibration system Mass Ma It is the mass Mb of a load 21 to the contact section 31. It becomes equivalent to the 
added vibration system, and resonance frequency is set to fl (=root {(Ma+Mb+Mc) K/(Ma+Mb) Mc} /2pi). For this 
reason, when the load 21 is grasped firmly, it is the excitation frequency f2. In exciting force, this vibration system 
does not resonate but the acceleration 38 detected by the excitation response detection means 41 and the resonance gain 
calculated with the resonance characteristic operation means 42 serve as a small value as compared with the case where 
it resonates. 

[0063] On the other hand, if the retention span 25 of the grasping section 22 becomes weaker gradually and the 
maximum frictional force in the contact surface 30 becomes small below at a fixed value, a load 21 cannot be followed 
in footsteps of minute vibration of the contact section 31 by exciting force 36, but it is mass Mb. Since effect becomes 
small, the resonance frequency of vibration system is f2. It approaches. Therefore, frequency f2 of the acceleration 38 
detected by the excitation response detection means 41 The oscillating component is amplified and, thereby, resonance 
gain also increases it gradually. If it becomes just before a load 21 starts especially, the excitation frequency component 
of acceleration will increase rapidly. 

[0064] If resonance gain calculates with the resonance characteristic operation means 42, the friction condition 
operation means 43 will calculate the friction condition in the contact surface 30 based on this resonance gain. For 
example, the friction condition which is about the friction condition which is in the condition of not sliding when 
resonance gain is smaller than a reference value just before starting when resonance gain is beyond a reference value is 
calculated. With the operation value which shows this friction condition, in any in the condition of not sliding, a 
condition just before starting, and the condition of having started the condition of the contact surface 30 is can carry out 
a discernment judging. In addition, in the case of this example, this friction condition operation means 43 is also good 
to judge whether it became, just before only starting. 

[0065] And based on the calculated friction condition, the retention span control means 44 controls the retention span 
generating section 23 so that a retention span 25 is maintained at a necessary minimum value. That is, since the load 21 
is grasped firmly, to the case in the friction condition of not sliding, it controls to decrease a retention span 25, and 
controls to it to make a retention span 25 increase in the case of the friction condition judged just before starting. In 
addition, it is made to transmit the resonance characteristics, such as resonance gain calculated with the resonance 
characteristic operation means 42, to the retention span control means 44, and you may make it control a retention span 
25 directly based on the value of the resonance characteristic. In this case, the friction Condition operation means 43 
becomes unnecessary. 

[0066] Since a friction condition is correctly [ continuously and ] detectable as mentioned above, it becomes possible to 
control to a necessary minimum retention span just before a load starts. It also becomes possible for this to avoid 
breakage of the load by the large retention span beyond the need. Moreover, since the property to change the resonance 
frequency of vibration system sharply according to a friction condition is used, detection sensitivity cannot be highly 
influenced easily of disturbance. Furthermore, a control system can also be constituted simply and cheaply and has the 
advantage of being reliable. 

[0067] (The 2nd example) The principle of the friction condition detection using the resonance characteristic is 
applicable also to the coefficient-of- friction metering device which measures coefficient of friction. It explains 
referring to d rawing 3 and dr awing 4 as a coefficient-of-friction metering device applied to the 2nd example in this. 
[0068] As shown in the front view of drawi ng 3 (A), this friction condition metering device is constituted including the 
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anchoring stay 53 and the control system which is not illustrated for supporting the tire 51 which contacts that it is also 
by the self- weight of this metering device to the measured field 54 (road surface), and this tire 51. This anchoring stay 
53 is attached in the equipment using coefficient of friction measured by this metering device, for example, a car body 
etc., (with no illustration). Below, the anchoring stay 53 assumes the case where it is attached in the car body. 
[0069] Moreover, as shown in the side elevation of drawing 3 (B), the wheel side of a tire 51 is equipped with the 
wheel motor 52 made to rotate a tire 5 1 . 

[0070] Here, the equivalence model of the vibration system which consists of the configurations and this metering 
device and the measured field 54, and car bodies of the whole control system of the coefficient-of-friction metering 
device constituted like drawin g 3 is shown in drawing 4 . According to drawing 4 , the control system of the 
coefficient-of- friction metering device of drawing 3 Moment of inertia Mc The oscillating component of the rotational 
speed of the wheel motor 52 by which it was superimposed on an exciting-force generating means 67 to make the 
minute oscillating component of resonance frequency fl (=root(K/Mc) /2pi) superimpose on the torque command of 
the wheel motor 52, and the minute oscillating component is detected. The resonance characteristic A resonance 
characteristic operation means 69 to calculate, So that the damping force/driving force to the wheel motor 52 may serve 
as maximum based on a friction condition operation means 70 to judge the friction condition of a tire 51 and the 
measured field 54 based on the detected resonance characteristic, and the judged friction condition It is constituted 
including the damping force / driving force control means 71 to control, and a coefficient-of-friction operation means 
72 to measure the coefficient of friction of rest of the contact surface by doing the division of damping force/the driving 
force by the self-weight of this measuring instrument. 

[0071] Moreover, each element of the equivalence model of the vibration system shown in drawin g 4 is equivalent to 
the following element in drawing 3 respectively. An inertial field 61 is moment of inertia Mc. For the rotator of the 
wheel motor 52, and the spring element 62, if spring constant K of the tire sidewall of a tire 51 twists, an inertial field 
63 will be moment of inertia Ma. It is respectively equivalent to the belt section of a tire 5 1 . Moreover, the contact 
surface 64 is the equivalence moment of inertia Mb on the same axle about the inertia of the car body in which it was 
equivalent to the contact surface of a tire 51 and the measured field 54, and the inertial field 65 attached in with the 
stator section of the wheel motor 52, and stay 53 and this measuring instrument were attached. It expresses by carrying 
out. In addition, since the resonance characteristic depending on the friction condition of the contact surface 64 in the 
equivalence model of drawin g 4 follows the completely same principle as the equivalence model of d rawing 1 1 
mentioned above, it omits detailed explanation. 

[0072] Next, an operation of the coefficient-of-friction metering device concerning this example is explained with 
reference to the equivalence model of drawing 4 . 

[0073] The case where it is rolling without a tire 51 sliding on the measured field 54 first is assumed, in this case, this 
metering device, the measured field 54, and the vibration system that consists of car bodies — moment of inertia 
(Ma+Mb) and moment of inertia Mc from - two becoming systems of inertia are resembled and that resonance 
frequency is set to fl (-root {(Ma+Mb+Mc) K/(Ma+Mb) Mc} /2pi). 

[0074] Here, it is fl = when >(Ma+Mb) >Mc is taken into consideration, root (K/Mc) / 2pi can be resembled. 
[0075] The exciting- force generating means 67 makes the minute oscillating component of a frequency fl (root 
(K/Mc) /2pi) superimpose on the torque command to the wheel motor 52. Therefore, in the inertial field 61 equivalent 
to the rotator of the wheel motor 52, it is a frequency fl. The vibrating excitation torque 66 starts. When it is in the 
condition that the contact surface is not slippery, it is the resonance frequency fl of this vibration system. The 
frequency of the excitation torque 66 is in agreement, and vibration system resonates. 

[0076] Next, the excitation response detection means 68 detects the oscillating component of the rotational speed of the 
inertial field 61 produced by the excitation torque 66. When it is in the condition that the contact surface is not slippery 
as mentioned above, it is resonance frequency fl by this excitation response detection means 68. A big rotational-speed 
oscillating component is detected. 

[0077] Next, the resonance characteristic operation means 69 is resonance frequency fl as the resonance characteristic. 
The amplitude value of an oscillating component is calculated. This is effective when the maximum amplitude of the 
excitation torque 66 always takes constant value. In addition, you may ask for a ratio (resonance gain) with the 
maximum of the oscillating component of rotational speed to the maximum amplitude of the excitation torque 66 like 
the 1st example. 

[0078] And the friction condition operation means 70 calculates the friction condition of the contact surface based on 
the resonance characteristic. For example, the friction condition which started the friction condition which is in the 
condition of not sliding when amplitude value exceeds a reference value when amplitude value was smaller than a 
reference value is calculated. In addition, since the big rotational-speed oscillating component has appeared in this case, 
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it is judged with not sliding on the contact surface according to the calculated friction condition. 

[0079] Next, damping force / driving force control means 71 controls the damping force/driving force which acts on the 

measured field 54 through a tire 51 to be in a friction condition just before the contact surface is slippery based on the 

calculated friction condition. That is, a brake force which suppresses rotation of a tire 51 when attached in the car body 

which is running at the rate with this equipment is given as damping force, and it is attached in equipment without 

driving force, or conversely, in being independent, it gives the driving force for rotating a tire 51 by the wheel motor 

52. In addition, if driving force is made to increase, a big load may be covered over this metering device so that the 

frictional force which resists this may increase immediately to the maximum frictional force. 

[0080] When judged with the condition that the contact surface is not slippery as mentioned above, damping force / 

driving force control means 71 is controlled to make damping force/driving force increase. Thereby, the frictional force 

which resists damping force/driving force increases. 

[0081] Here, the relation between the damping force/driving force to slip velocity (relative velocity of the tread of a tire 
51 and the measured field 54) is shown to drawing 5 . In drawing 5 , the range of the slip velocity of this field (A) 
supports the condition that the contact surface 64 is not slippery. Drawing shows that damping force/driving force is 
increasing with the increment in slip velocity in a field (A). In addition, slip velocity becomes larger than 0 in the field 
(A) on which it originally should not be sliding for the tread itself carrying out elastic deformation, after the tread of a 
tire 51 grounds before separating, and although it is not sliding on the contact surface 64, it is because it is visible as if 
it was sliding when it sees by the relation between whenever [ car-body-speed ] and the rotational speed of a tire 5 1 . 
[0082] Thus, when judged with the contact surface not being slippery, damping force/driving force increases, but if this 
force comes to exceed the maximum frictional force, the contact surface 64 will actually come to start. In drawing 5 , 
the field (B) after damping force/driving force reached the peak is equivalent to the condition that the contact surface 
64 actually starts. 

[0083] if the contact surface starts — an inertial field 65 - frequency fl vibration — it cannot follow in footsteps ~ that 
moment of inertia Mb since effect becomes small - this vibration system - moment of inertia Ma Moment of inertia 
Mc from — two becoming systems of inertia are resembled and resonance frequency is set to f2 (=root {(Ma+Mc) 
K/Ma Mc} /2pi). From this, the exciting-force generating means 67 is a frequency fl. Even if it carries out minute 
excitation with the excitation torque 66, vibration system does not resonate, but the oscillating component of the 
rotational speed detected by the excitation response detection means 68 becomes small. And if the maximum amplitude 
value calculated with the resonance characteristic operation means 69 decreases and it becomes below a reference 
value, the friction condition operation means 70 will calculate the friction condition in the condition that the contact 
surface is slippery. Based on this friction condition, damping force / driving force control means 71 is controlled so that 
damping force/driving force decreases. In the example of drawing 5 , it turns out that damping force/driving force 
decreases with the increment in slip velocity in a field (B). 

[0084] As mentioned above, it is held at a condition just before the friction condition of the contact surface is slippery 
by controlling to make damping force/driving force increase, when it judges with the contact surface 64 not being 
slippery, and controlling to decrease damping force/driving force, when it judges with the contact surface 64 being 
slippery. That is, the value (it corresponds to the peak of drawin g 7 ) of the force applied to the tread of a tire with 
damping force/driving force is maintained so that it may become a value near [ in the contact surface 64 ] the maximum 
frictional force. 

[0085] And the coefficient-of-friction operation means 72 does the division of the damping force/the driving force held 
so that it might become the maximum frictional force by the self-weight of this coefficient-of-friction measuring 
instrument, and measures the coefficient of friction of rest in the contact surface 64. Thereby, when coefficient of 
friction of the contact surface 64 changes continuously, a coefficient of friction of rest'can be measured easily. 
[0086] Moreover, since the force of an excessive perpendicular direction is not applied to the measured field 54 or 
****** 54-ed stops contacting conversely like a road surface in addition to the self-weight of this measuring instrument 
when there is much irregularity, gross errors arise in coefficient of friction to calculate. Then, as shown in drawing 6 
(A) and (B), the axial anchoring stay 54 which the center-of-rotation shaft of a tire 51 can move up and down may be 
formed. Thereby, when there is some irregularity, or since the friction metering device concerning this example always 
contacts the measured field 54 as it is also by self-weight, the measurement of exact coefficient of friction of it is 
attained. In addition, in this case, the self-weight which is the number of rates of the maximum frictional force is the 
load sum of a tire 51 and the component of the wheel motor 52, and the load of anchoring stay 53 grade is excepted. 
[0087] Moreover, even if the coefficient-of-friction metering device concerning this example is independent, it can use, 
but if it attaches in an automobile etc. as the 5th flower through the anchoring stay 53, it is applicable also to control of 
an automobile. In addition, it is required to be equal to a tire 51, the tire of the automobile in which coefficient of 
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friction between road surfaces was attached, and coefficient of friction between road surfaces, or to know beforehand 
the fixed relation between both coefficient of friction in this case. 

[0088] For example, when it applies to power-steering equipment, based on the lateral acceleration under transit, the 
time of a revolution condition (lateral acceleration) turning into the critical state is judged to be road surface coefficient 
of friction measured by this equipment, and control which changes the control force of power steering into usually 
different magnitude from the time at this time is performed. By this, there can be much disturbance, since coefficient of 
friction can be correctly measured with a coefficient-of-friction metering device even when coefficient of friction of a 
road surface changes every moment, the critical state of a revolution condition can be judged to more exact and 
stability, and safety can be raised. 

[0089] Furthermore, it is applicable also to anti-lock brake control. In this case, based on coefficient of friction 
measured by the coefficient-of-friction measuring device, the maximum frictional force between a tire and a road 
surface is calculated, and a brake force is controlled by the car-body side to become a tire and the maximum frictional 
force which the force committed between road surfaces calculated. Or coefficient of friction calculated with this 
equipment is not passed directly, but you may make it control a brake force to become, just before delivery and the 
detected friction condition start the friction condition calculated with the friction condition operation means 70 in the 
control section of a car body. In addition, in the case of the latter, the tire 51 of a coefficient-of-friction metering device 
needs to receive braking so that it may be in the same friction condition as the tire by the side of a car body. 
[0090] Although the above is an example concerning this invention, it is not limited only to the above-mentioned 
example. For example, although the 1 st example of the above and the 2nd example are made to carry out the minute 
excitation of the inertial field with the resonance frequency of vibration system using an exciting-force generating 
means, they may also have the embodiment which does not use an exciting-force generating means depending on an 
applicable field. 

[0091] When the external force which has frequency characteristics like white noise as the 1st embodiment is always 
inputted as disturbance, the actual value of an oscillating component to a resonance frequency component and the 
actual value of a perimeter wave number component which were detected can be calculated, and the resonance 
characteristic can be detected based on those ratios. 

[0092] Moreover, when the impulse-or step-external force as the 2nd embodiment is inputted frequently, a resonance 
frequency component and the other frequency component (or perimeter wave number component) can be separated 
from the response waveform to this input, and the resonance characteristic can be searched for from those component 
ratios. 

[0093] Thus, since an exciting-force generating means is not used for the 1st embodiment and 2nd embodiment, they 
serve as a simple configuration and become economically and advantageous only not only in dependability. 
[0094] Moreover, although the amplitude value of resonance gain or vibration system was calculated, vibration system 
is resonated by the exciting force containing all the resonance frequency of the vibration system corresponding to each 
friction condition, and you may make it calculate change of the resonance frequency at the time of maximum amplitude 
as the resonance characteristic, for example. 

[0095] Furthermore, even if the frequency of exciting force is not in agreement with resonance frequency exactly, as 
long as it is the range which can identify the resonance characteristic of vibration system clearly, the frequency near the 
resonance frequency is sufficient as it. 
[0096] 

[Effect of the Invention] According to invention of claim 1 and claim 2, since the friction condition of the contact 
surface was calculated based on the resonance characteristic of vibration system, while being able to make a 
configuration simple, there is much disturbance, and as explained to the detail above; fcven when a friction condition 
changes every moment, the effectiveness that a friction condition is correctly detectable in a high precision is acquired. 
[0097] Since it made it possible to maintain the friction condition calculated based on the resonance characteristic of 
vibration system in the condition just before starting according to invention of claim 3 and claim 4, the effectiveness 
that control can be smoothly performed according to the necessary minimum force is acquired by the case where 
sliding is not allowed etc. 

[0098] Since coefficient of friction was calculated based on the resonance characteristic of vibration system, while 
being able to make a configuration simple according to invention of claim 5, there is much disturbance, and even when 
a friction condition changes every moment, the effectiveness that coefficient of friction can be correctly calculated in a 
high precision is acquired. 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to the friction condition detection equipment controlled to be in a friction 
condition just before it detects a friction condition based on the resonance characteristic of the vibration system which 
has the contact surface which starts friction condition detection equipment, especially frictional force produces and the 
contact surface starts. 
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PRIOR ART 



[Description of the Prior Art] There is the following as the technique which measures frictional force or coefficient of 
friction, and a technique which controls by detecting a friction condition. 

[0003] The maximum frictional force Fmax generated between the body 1 of mass M, and the measured field 2 in the 
model shown in drawing 7 It is Fmax =, when a load is set to W (=Mg;g is gravitational acceleration) and a coefficient 
of friction of rest is set to mustat. It is expressed with mustat-W. External force Fext impressed from the outside here 
Maximum frictional force Fmax If it is the following, it will stop at a quiescent state. However, external force Fext It is 
once the maximum frictional force Fmax. If it exceeds, it will start suddenly. The frictional force Ftran at that time is 
dynamic friction coefficient mutrans. Ftrans = It is expressed with mutrans and W. 

[0004] However, it is external force Fext in this way. Maximum frictional force Fmax Since a condition changes a lot 
at the same time it is completely changeless and exceeded the maximum frictional force until it exceeded, it is very 
difficult to get to know whether it is in a condition just before starting before starting. 

[0005] Then, in the conventional frictional force measuring device, it applies and lets external force slide in advance, 
and is the maximum frictional force Fmax at that time. By investigating, frictional force is measured and it is the 
maximum frictional force Fmax further. He was trying to measure coefficient-of-friction-of-rest mustat by doing a 
division by the self-weight of equipment. 

[0006] Moreover, in the field of foundry technique, there is a technique which measures the frictional force which acts 
between a cast piece and mold on the occasion of the drawing of a cast piece performed connecting with the source of 
excitation through an excitation beam, making an excitation beam rock to the circumference of the predetermined 
supporting point by actuation of this source of excitation, and exciting this mold while carrying out fixed support of the 
mold for continuous casting at a shaking table. The frictional force between mold and a cast piece uses affecting the 
load of the source of excitation, and expresses the property of the vibration system of mold with a transfer function, and 
these techniques measure the frictional force between mold and a cast piece based on this transfer function. There is a 
technique indicated by JP,4-84652,A as a technique which expected improvement in operation speed, and accuracy 
especially with the frictional force measurement technique in the field of such foundry technique. 
[0007] The technique of JP,4-84652,A calculates the frictional force which faces drawing out a cast piece from the 
mold by which excitation was carried out, and acts among both based on the rocking torque committed to mold in case 
the part of mold approach is excited according to the state space model formulized in the mode part solution method 
rather than the supporting point of an excitation beam, and the variation rate produced in mold by excitation. In 
addition, in order to search for the rocking torque committed to mold correctly, the approach of amending by distortion 
which detected distortion produced with an excitation beam in the part from the source of excitation rather than the 
supporting point of the exciting force which sources of excitation, such as an excitation cylinder, emit, and an 
excitation beam, and produced the detected exciting force with the excitation beam, and calculating rocking torque is 
used. Thus, in case a high-speed operation is attained and rocking torque is further calculated by making a model 
simple as a bending beam which excites the lumped mass which consists of a shaking table and mold the between to 
the mold which serves as an excitation object from the supporting point of an excitation beam with this technique by 
the rocking torque which acts on the supporting point, measurement of exact frictional force is enabled by amending 
exciting force by distortion of an excitation beam. 

[0008] Moreover, there is electronics control power-steering equipment indicated by JP,4-230472,A as a technique 
which measures coefficient of friction between a wheel and a road surface, and controls in the field of the control 
technique of an automobile based on this coefficient of friction. 

[0009] The measuring method of coefficient of friction indicated by JP,4-230472,A A rear wheel by inputting an 
excitation signal into a solenoid valve from a controller A rudder angle equivalent to **lmm, **** periodically on the 
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frequency of 2Hz and reaction force sensors, such as a load cell, detect the reaction force over the cornering force and 
self aryne GUTORUKU which were generated in the rear wheel by this periodic ****. A cornering power and selfer 
lining power are calculated based on the value of the detected reaction force, and road surface coefficient of friction is 
measured by the result of an operation based on the relation of these power and road surface coefficient of friction. 
[0010] Moreover, even if it slams the brake by controlling a brake force so that it may be in a condition just before it 
guesses the friction condition of a road surface and a wheel and the contact surface starts, there is an anti-lock brake 
control unit as a technique which prevents locking a wheel and slipping. 

[001 1] Here, although a slip will arise between a wheel and a road surface if brakes are applied while running at a rate 
with a car, it is known that the coefficient of friction mu between a wheel and a road surface will change like drawing 9 
to slip ratio S expressed with the following (1) type. In addition, w* is vw whenever [ real car-body-speed ]. It is 
whenever [ wheel speed ]. 
[0012] 

S=(w*-vw)/vv* ... (1) 

In this mu-S property, coefficient of friction mu comes to take peak value with a certain slip ratio (A2 field of drawing 
9). 

[0013] Then, he detects slip ratio from whenever [ car-body-speed ], and whenever [ wheel speed ], and was trying to 
control a brake force by the conventional anti-lock brake control unit to become the slip ratio to which coefficient of 
friction mu takes peak value. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to invention of claim 1 and claim 2, since the friction condition of the contact 
surface was calculated based on the resonance characteristic of vibration system, while being able to make a 
configuration simple, there is much disturbance, and as explained to the detail above, even when a friction condition 
changes every moment, the effectiveness that a friction condition is correctly detectable in a high precision is acquired. 
[0097] Since it made it possible to maintain the friction condition calculated based on the resonance characteristic of 
vibration system in the condition just before starting according to invention of claim 3 and claim 4, the effectiveness 
that control can be smoothly performed according to the necessary minimum force is acquired by the case where 
sliding is not allowed etc. 

[0098] Since coefficient of friction was calculated based on the resonance characteristic of vibration system, while 
being able to make a configuration simple according to invention of claim 5, there is much disturbance, and even when 
a friction condition changes every moment, the effectiveness that coefficient of friction can be correctly calculated in a 
high precision is acquired. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, with the above-mentioned conventional frictional force detection 
equipment, when the case where sliding is not allowed, and coefficient of friction change, detecting on real time 
becomes very difficult about in what kind of condition a friction condition is now. There is load grasping equipment 
which grasps a load by the necessary minimum force which detects frictional force and a load does not slide down as 
such an example. 

[0015] Moreover, in the frictional force measuring device of JP,4-84652,A, the linear model of the mold approximated 
with the lumped mass which is vibrating by rocking torque is assumed, and in order to calculate the frictional force 
which has affected vibration of mold only based on the variation rate of rocking torque and mold, there is a problem of 
being easy to be influenced of a noise etc. Moreover, under the conditions with which the above-mentioned assumption 
is not filled, in this model, since exact measurement of frictional force becomes impossible, the problem that the 
application range is very narrow arises. Even if it is able to build the model suitable for conditions, depending on a 
model, a complicated operation will be needed in many cases, and in this case, the new problem of it becoming 
impossible to calculate frictional force on real time is also produced. 

[0016] Moreover, it is necessary to **** a wheel periodically, to generate a cornering force etc. and to detect the 
reaction force of the wheel to this, and there is a problem that a gaging system becomes complicated, by the measuring 
method of coefficient of friction indicated by JP,4-230472,A. Furthermore, since the relation between a cornering 
power etc. and road surface coefficient of friction is assumed with the predetermined model, the problem of being weak 
is also in a noise. 

[0017] Moreover, in the conventional anti-lock brake control unit, the slip ratio from which the coefficient of friction 
mu between the tire under operation and a road surface changes every moment, and coefficient of friction mu serves as 
a peak since there are also many noises also changes, and suitable brake control becomes very difficult. 
[0018] This invention was made in order to cancel the above-mentioned conventional trouble, and it assumes a model 
with the large dependence of a system configuration or conditions, and a friction condition is not detected based on a 
mere oscillation characteristic, a mere displacement response, etc. By making positively the resonance state which 
reflects frictional force more sensitively, and calculating a friction condition paying attention to the resonance 
characteristic of this resonance state While there are many noises and they can detect a friction condition correctly also 
in the situation that a friction condition changes every moment, it aims at offering the friction condition detection 
equipment of the large simple configuration of applicability. 
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MEANS 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention of claim 1 the one side side 
element of the contact surface which frictional force produces - this contact surface and abbreviation according to 
the vibration system which connects the spring element displaced in the parallel direction, and comes to connect an 
inertial field with the other end of this spring element, and the exciting force containing the resonance frequency of this 
vibration system, or the oscillating component near the resonance frequency An exciting- force generating means to 
excite said vibration system, and an excitation response detection means to detect the quantity of state of the excitation 
response of vibration system by which excitation was carried out with this exciting-force generating means, A 
resonance characteristic operation means to calculate the resonance characteristic of said vibration system based on the 
quantity of state of the exciting force generated by said exciting-force generating means, and the quantity of state of the 
excitation response detected by said excitation response detection means, It is constituted including a friction condition 
operation means to calculate the friction condition in said contact surface based on the resonance characteristic 
calculated with this resonance characteristic operation means. 

[0020] invention of claim 2 is connected to the one side side element of the contact surface which frictional force 
produces — having ~ this contact surface and abbreviation — with the spring element displaced in the parallel direction 
The vibration system in which consists of an inertial field connected to the other end of this spring element, and 
excitation is carried out by external force, An external force detection means to detect the quantity of state of said 
external force, and a condition detection means to detect the quantity of state of the excitation response of said 
vibration system in which excitation was carried out by said external force, A resonance characteristic operation means 
to calculate the resonance characteristic of said vibration system based on the quantity of state of the external force 
detected by said external force detection means, and the quantity of state of the excitation response detected by said 
excitation response detection means, It is constituted including a friction condition operation means to calculate the 
friction condition in said contact surface based on the resonance characteristic calculated with this resonance 
characteristic operation means. 

[0021] the one side side element of the contact surface where frictional force produces invention of claim 3 — this 
contact surface and abbreviation — with the vibration system which connects the spring element displaced in the 
parallel direction, and comes to connect an inertial field with the other end of this spring element According to the 
exciting force containing the resonance frequency of this vibration system, or the oscillating component near the 
resonance frequency An exciting- force generating means to excite said vibration system in the generating direction of 
frictional force, and an excitation response detection means to detect the quantity of state of the excitation response of 
said vibration system by which excitation was carried out with this exciting-force generating means, A resonance 
characteristic operation means to calculate the resonance characteristic of said vibratum system based on the quantity of 
state of the exciting force generated by said exciting-force generating means, and the quantity of state of the excitation 
response detected by said excitation response detection means, It is constituted including a maximum-frictional-force 
state control means to control said applied force generating means to be in a condition just before said contact surface 
starts based on the resonance characteristic calculated with an applied force generating means to give applied force to 
the one side side element of said contact surface, and said resonance characteristic operation means. 
[0022] invention of claim 4 is connected to the one side side element of the contact surface which frictional force 
produces - having — this contact surface and abbreviation — with the spring element displaced in the parallel direction 
The vibration system in which consists of an inertial field connected to the other end of this spring element, and 
excitation is carried out by external force, An external force detection means to detect the quantity of state of said 
external force, and a condition detection means to detect the quantity of state of the excitation response of said 
vibration system in which excitation was carried out by said external force, A resonance characteristic operation means 
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to calculate the resonance characteristic of said vibration system based on the quantity of state of the external force 
detected by said external force detection means, and the quantity of state of the excitation response detected by said 
excitation response detection means, It is constituted including a maximum-frictional-force state control means to ~* 
control said applied force generating means to be in a condition just before said contact surface starts based on the 
resonance characteristic calculated with an applied force generating means to give applied force to the one side side 
element of said contact surface, and said resonance characteristic operation means. 

[0023] Invention of claim 5 is constituted based on the applied force when changing into a condition just before said 
contact surface starts with the maximum-frictional-force state control means of claim 3 or claim 4, including further a 
maximum-frictional-force operation means to calculate the value of the maximum frictional force in said contact 
surface, and a coefficient-of-friction operation means to calculate coefficient of friction of said contact surface based on 
the value of the maximum frictional force calculated with this maximum-frictional-force operation means. 
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OPERATION 



[Function] First, vibration system 15 of drawing 8 is used as a model, and the principle of this invention is explained. 
As shown in drawing 8 , vibration system 1 5 is mass Ma. An inertial field 1 1 and mass Mb which contacts through this 
inertial field 1 1 and contact surface 10 Mass Mc attached in the spring element 13 of spring constant K attached in the 
end of an inertial field 12 and an inertial field 11, and the other end of this spring element It consists of inertial fields 
14. 

[0025] since an inertial field 12 interlocks and vibration system 15 vibrates to vibration of an inertial field 11 in the 

condition that the contact surface 10 is not [ the frictional force generated in the contact surface 10 ] slippery within the 

maximum frictional force — the spring and mass Mc of mass (Ma+Mb) and spring constant K from - it becomes 

becoming two systems of inertia and equivalence. Therefore, resonance frequency fl in the vibration system 15 in case 

frictional force is less than the maximum frictional force fl =root {(Ma+Mb+Mc) K/(Ma+Mb) Mc} /2pi ... (2) 

It becomes. Moreover, if the inertial field 12 of another side is the fixed end, the resonance frequency fl of (2) types is. 

fl=root(K/Mc)/2pi...(3) 

It can be alike and can approximate. 

[0026] since [ on the other hand, ] an inertial field 12 cannot be followed in footsteps of vibration of an inertial field 11 
but the effect of the inertia becomes small, after frictional force has started exceeding the maximum frictional force — 
vibration system 15 — mass Ma Mass Mc from — being equivalent to two becoming systems of inertia — becoming ~ 
the resonance frequency f2 £2 =root{(Ma+Mc) K/Ma Mc} / 2pi ... (4) 
It becomes. 

[0027] Here, it is resonance frequency fl to a direction parallel to the contact surface 10 about this vibration system 15. 
Or the case where minute vibration is carried out by the exciting force 16 of an about [ fl ] frequency is assumed, the 
time of being in the condition that the contact surface 10 is not slippery - the resonance frequency of vibration system 
15 — fl it is - since — vibration system 15 - setting — frequency fl An oscillating component is amplified. That is, 
vibration system 15 will be in the resonance state in which an about [ frequency fl ] oscillating component appears 
strongly. In addition, there is resonance gain expressed with a ratio with the maximum of the oscillating component of 
vibration system 15 to the maximum amplitude of exciting force 16 to express the resonance characteristic of vibration 
system 15. In the case of the resonance state, this resonance gain becomes larger to Haruka than 1, and when it is not 
the resonance state, it becomes small as compared with the resonance state. 

[0028] On the other hand, if it comes until just before frictional force and the force of an opposite direction approach 
the maximum frictional force and start in the contact surface 10, phase contrast will begin to appear to vibration by 
exciting force 16, and vibration of an inertial field, and resonance gain will decrease rapidly. 
[0029] And when the contact surface 10 shifts to the condition of sliding completely , .the resonance frequency of 
vibration system 15 is £2. Frequency fl given according to exciting force 16 since it was in agreement An oscillating 
component is decreased and vibration system 15 stops resonating. 

[0030] Moreover, vibration system 15f2 When exciting by the exciting force 16 of a nearby frequency, and it is in the 
condition that the contact surface 10 is not slippery, and vibration system 15 does not resonate but the contact surface 
10 starts, vibration system 15 is a frequency f2. An oscillating component will be in the resonance state which appears 
strongly. 

[0031] Moreover, exciting force 16fl f2 Although it resonates even when it is any in the condition of sliding with the 
condition that the contact surface 10 is not sliding on vibration system 15 when both the oscillating components of a 
nearby frequency are included, the resonance frequency from which the amplitude serves as a peak will change. 
[0032] In addition, the model of vibration system with which an above-mentioned inertial field vibrates along with a 
straight line is easily extensible also to a rotational-vibration system. As shown in drawing 10 as a model of this 
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rotational-vibration system, there is vibration system constituted by the oscillating phenomenon, i.e., the car body, 
wheel, and road surface in a wheel when the car equipped with the car body 1 12 of weight W is running at a rate v. 
Then, it explains with reference to the model which shows the oscillating phenomenon of this vibration system to 
drawing 1 1 modeled equivalent with the wheel revolving shaft. 

[0033] Here, although a brake force (damping force) acts on a road surface through the front face of the tread 1 15 of 
the tire which touches a road surface, in order that this brake force may act on a car body 1 12 as reaction from a road 
surface in fact, the equivalence model 1 17 of revolving-shaft conversion of a body weight becomes what was 
connected with a wheel 113 and the opposite side through the friction element 116 between the tread of a tire, and a 
road surface. This is the same like chassis DYNAMO equipment with the ability of the weight of a car body to be 
simulated with the mass of the big inertia under a wheel, i.e., a wheel, and the opposite side. 
[0034] It is [ inertia / of the wheel 1 13 which contained the tire rim by drawing 10 and drawing 1 1 ] JV about the 
inertia of the equivalence model 1 17 of K, and mu and revolving-shaft conversion of the weight of a car body 1 12 of 
the inertia of a tread 1 15 in the spring constant of the spring element 1 14 between Jw, a rim, and a tread 15. If it carries 
out, the property of the whole system will become like following (5) - (7). [ coefficient of friction of the friction 
element 1 16 between Jt, a tread 115, and a road surface ] In addition, the second degree differential d2 / dt2 below "'" 
expresses the first degree differential d/dt about time amount, and concerning time amount It expresses with 
[0035] 

JW thetaw" - -T+K (thetat-thetaw) ... (5) 
Jt thetat" = -K(thetat-thetaw)+mu WR ... (6) 
Jv omegav' = -muWR ... (7) 
It is here, ww = thetaw' ... (8) 
Jv = R2 W ... (9) 
omegav = v/r ... (10) 

Come out, and it is and is thetaw. For the angle-of-rotation acceleration of a wheel 113, and ww, the angular rate of 
rotation of a wheel 113 and thetat are [ the angle of rotation of a wheel 113, and thetaw 1 ' ] the angle of rotation of a 
tread 1 1 5, and thetat". The angle-of-rotation acceleration of a tread 1 1 5, and omegav The weight of a car body and R of 
the angular rate of rotation of revolving-shaft conversion of the car-body equivalence model 1 17, the damping torque 
with which T is added to a wheel 113, and W are wheel radii. Braking-torque T is the pressure Pb of a brake bulb in 
fact. Control performs. 

[0036] if it thinks that the tread 115 and the car-body equivalence model 1 17 are linked directly when the tire grips ~ 
the inertia of the sum of the inertia of the car-body equivalence model 1 17, and the inertia of a tread 115, and the inertia 
of a wheel 113- resonating — the resonance wave number fl of the wheel resonance system at this time fl =root 
{(Jw+Jt+Jv) K/Jw} (Jt+Jv) /2pi ... (11) 

It becomes a next door, a formula (2), and the completely same format. This condition is a field Al on drawing 9 . It 
corresponds. 

[0037] When the coefficient of friction mu of a tire approaches Peak mu, the coefficient of friction mu on the front face 
of a tire stops being able to change easily to slip ratio S, and the component accompanying vibration of the inertia of a 
tread 115 stops on the contrary, influencing the car-body equivalence model 117. That is, a tread 115 and the car-body 
equivalence model 117 will be separated equivalent, and a tread 115 and a wheel 1 13 will cause resonance. Resonance 
frequency f2 of the wheel resonance system at this time f2 =root {(Jw+Jt) K/Jw Jt} /2pi ... (12) 

It becomes a next door, a formula (4), and the completely same format. If this condition corresponds to the field A2 of 
drawin g 9 and generally reaches the point of Peak mu, it changes to field A3 in an instant, and a tire locks it. On the 
other hand, the peak of the gain of whenever [ in resonance frequency / wheel speed j'also decreases rapidly just before 
Peak mu. 

[0038] Size relation of each inertia Jt <Jw <Jv ... (13) 
Come out, and it is and is this, fl <£2 ... (14) 

It comes to be alike. That is, when a tire results in a lock, the resonance frequency of a wheel resonance system will 
shift to a RF side. Moreover, change of this resonance frequency is rapidly generated near peak mu. 
[0039] A model is simplified and if is the inertia Jt of a tread 115. If a peak mu condition is approached even when it 
ignores, change of the peak of the resonance frequency of a wheel resonance system and the gain of whenever [ wheel 
speed ] takes place, and the same analysis is possible for it. 

[0040] As mentioned above, the resonance characteristic which frequency component [ the existence of resonance of 
vibration system 15 or a wheel resonance system, change of resonance frequency, and ] of exciting force amplified or 
declined by what resonance gain according to the friction condition of the contact surface changes a lot. On the 
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contrary, if this resonance characteristic is detected, friction conditions (condition just before starting etc.), coefficient 
of friction, etc. of the contact surface can be calculated. 

[0041] then, the one side side element of the contact surface which frictional force produces in invention of claim 1 — 
this contact surface and abbreviation — an exciting-force generating means excites the vibration system which 
connected the spring element displaced in the parallel direction, and connected the inertial field to the other end of this 
spring element according to the exciting force containing the resonance frequency of this vibration system, or the 
oscillating component near the resonance frequency, in addition, the variation rate of a spring element — a direction — 
the contact surface and abbreviation — if it is an parallel direction (the inside of the contact surface is included) — 
arbitration — it can set up suitably. Next, an excitation response detection means detects the quantity of state of the 
excitation response of vibration system by which excitation was carried out. This excitation response is the acceleration 
of the inertial field by exciting force etc., and has frequency distribution of the oscillating component of acceleration 
etc. as this quantity of state. Next, a resonance characteristic operation means calculates the resonance characteristic of 
said vibration system based on the quantity of state of exciting force, and the quantity of state of the detected excitation 
response. And a friction condition operation means calculates the friction condition in said contact surface based on the 
calculated resonance characteristic. According to this calculated friction condition, it can be identified and judged 
quantitatively whether it is in the condition that the contact surface is not slippery, a condition just before starting, and 
which condition in the condition of sliding. Moreover, since the resonance characteristic of vibration system is used, 
there is an advantage that detection sensitivity cannot be highly influenced easily of disturbance, such as a noise. 
[0042] In calculating whether it is in a friction condition just before the contact surface 10 starts in the vibration system 
15 of drawin g 8 in this invention For example, resonance frequency fl of the vibration system 15 when the contact 
surface 10 is not slippery Or fl Vibration system 15 is excited on a nearby frequency. Frequency fl The resonance gain 
of the vibrating component is calculated, and when this resonance gain becomes smaller than the 1st reference value, it 
judges with a condition just before a friction condition starts. Moreover, resonance frequency f2 when the contact 
surface is slippery It excites, and when the resonance gain of the component which vibrates on this frequency becomes 
larger than the 2nd reference value, you may judge with a condition just before starting. Furthermore, it is resonance 
frequency fl at least. And f2 It may excite by the exciting force containing two oscillating components, and a friction 
condition may be calculated based on the value change of resonance frequency. 

[0043] Moreover, when the external force which has frequency characteristics, such as white noise, in vibration system 
has always inputted, even if it does not give exciting force with an exciting-force generating means, vibration system 
vibrates by the resonance characteristic peculiar to a friction condition. 

[0044] So, in invention of claim 2, an external force detection means detects the quantity of state of external force, and 
a response oscillating detection means detects the quantity of state of response vibration of the vibration system over 
external force. Next, a resonance characteristic operation means calculates the resonance characteristic based on the 
detected external force and the quantity of state of response vibration. And a friction condition operation means 
calculates the friction condition in the contact surface based on the calculated resonance characteristic. Thus, when 
vibration system causes resonance by external force, an exciting-force generating means can be omitted and equipment 
can be constituted simply. 

[0045] Moreover, the principle of the friction condition detection based on the above resonance characteristics is 
applicable also to the equipment controlled to hold a condition, i.e., the maximum frictional force, just before the 
contact surface starts. 

[0046] So, in invention of claim 3, an exciting-force generating means excites vibration system according to the 
exciting force containing the resonance frequency of this vibration system, or the oscillating component near the 
resonance frequency. Next, an excitation response detection means detects the quantity of state of the excitation 
response of vibration system by which excitation was carried out, and a resonance characteristic operation means 
calculates the resonance characteristic of vibration system based on the quantity of state of exciting force, and the 
quantity of state of the detected excitation response. Moreover, applied force is given to the one side side element of the 
contact surface by the applied force generating means, and this applied force is controlled by the maximum-frictional- 
force state control means to be in a condition just before the contact surface starts based on the calculated resonance 
characteristic. This grasps a load, and since the retention span (applied force) which grasps a load with the equipment 
to which lift up and it is made to move is controlled to be in a friction condition just before the contact surface with a 
load starts, a possibility of destroying a load superfluously at a big retention span is avoidable. In addition, there is 
damping force like a brake force which acts on the driving force for rotating a wheel etc. other than a retention span, a 
wheel, etc. as a mode of this applied force. If a brake force is controlled to be in a condition just before the friction 
condition of a wheel and a road surface starts, it is applicable also to an anti-lock brake control unit. 
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[0047] Moreover, when the external force which has frequency characteristics, such as white noise, in vibration system 
like invention of claim 2 has always inputted, even if it does not give exciting force with an exciting-force generating 
means, vibration system vibrates by the resonance characteristic peculiar to a friction condition. 
[0048] So, in invention of claim 4, an external force detection means detects the quantity of state of external force, and 
a response oscillating detection means detects the quantity of state of response vibration of the vibration system over 
external force. Next, a resonance characteristic operation means calculates the resonance characteristic based on the 
detected external force and the quantity of state of response vibration. Moreover, applied force is given to the one side 
side element of the contact surface by the applied force generating means, and this applied force is controlled by the 
maximum-frictional-force state control means to be in a condition just before the contact surface starts based on the 
calculated resonance characteristic. Thus, when vibration system causes resonance by external force, an exciting-force 
generating means can be omitted and equipment can be constituted simply. 

[0049] Moreover, when applied force is controlled to be held like invention of claim 3 or claim 4 at a condition just 
before the contact surface starts, the force generated in the contact surface according to this applied force turns into 
force equal to the maximum frictional force. Therefore, the value of the maximum fhctional force can be calculated 
based on applied force. Furthermore, if the value of the maximum frictional force is known, a coefficient of friction of 
rest will be called for by doing the division of this by the self- weight of equipment. 

[0050] So, in invention of claim 5, the value of the maximum frictional force in the contact surface is calculated with a 
maximum-frictional-force operation means based on the applied force when changing into a condition just before the 
contact surface starts. And based on the value of the calculated maximum frictional force, a coefficient of friction of 
rest is calculated with a coefficient-of-friction operation means. Even when coefficient of friction measures by this on 
the road surface which changes every moment, a coefficient of friction of rest can be detected correctly and 
continuously. 
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EXAMPLE 
[Example] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the external view of the load grasping equipment concerning the 1st example of this invention, and 
(A) shows a front view and (B) shows a side elevation. 

[Drawing 2] It is the detailed configuration and configuration block Fig. of the grasping section of load grasping 
equipment concerning the 1st example. 

[Drawing 3] It is the external view of the coefficient-of-friction measuring device concerning the 2nd example of this 
invention, and (A) shows a front view and (B) shows a side elevation. 

[Drawin g 4] It is the model and configuration block Fig. of the coefficient-of-friction measuring device concerning the 
2nd example which carried out revolving-shaft conversion. 

[Drawing 5] It is the diagram showing the property over the slip velocity of damping force/driving force. 

[Drawing 6] It is the modification of the coefficient-of-friction measuring device concerning the 2nd example, and (A) 

shows a front view and (B) shows a side elevation. 

[Drawin g 7] It is drawing showing the relation between external force and the maximum factional force. 
[Drawin g 8] It is drawing showing the equivalence model of the vibration system for explaining the principle of the 
friction condition detection using the resonance characteristic. 

[Drawing 9] It is the diagram showing the property over slip ratio S of the coefficient of friction mu between a tire and 
a road surface. 

[Drawin g 10] It is drawing showing the dynamics model of a car. 

[Drawing 11] It is drawing showing the model which carried out the revolving-shaft conversion of the dynamics model 
of a car. 

[Description of Notations] 

67 Exciting-Force Generating Means 

68 Excitation Response Detection Means 

69 Resonance Characteristic Operation Means 

70 Friction Condition Operation Means 

71 Damping Force / Driving Force Operation Means 

72 Coefficient-of-Friction Operation Means 
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CORRECTION OR AMENDMENT 



[Kind of official gazette] Printing of amendment by the convention of 2 of Article 17 of Patent Law 
[Section partition] The 1st partition of the 6th section 
[Publication date] August 3, Heisei 13 (2001 . 8.3) 

[Publication No.] JP,8-334454,A 

[Date of Publication] December 17, Heisei 8 (1996. 12.17) 
[Annual volume number] Open patent official report 8-3345 
[Application number] Japanese Patent Application No. 7-138307 
[The 7th edition of International Patent Classification] 

G01N 19/02 

B22D 11/16 104 
105 

B62D 6/00 
G01N 3/56 
// B62D 137:00 

[FI] 

G01N 19/02 C 
B 

B22D 11/16 104 A 
105 

B62D 6/00 

G01N 3/56 G 

[Procedure revision] 

[Filing Date] August 29, Heisei 12 (2000. 8.29) 
[Procedure amendment 1] 
[Document to be Amended] Specification 
[Item(s) to be Amended] The name of invention 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Title of the Invention] Friction condition detection equipment and power-steering equipment 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

[Claim 1] the one side side element of the contact surface which frictional force produces — this contact surface and 
abbreviation — vibration system which connected the spring element displaced in the parallel direction, and connected 
the inertial field to the other end of this spring element An exciting-force generating means to excite said vibration 
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system according to the exciting force containing the resonance frequency of this vibration system, or the oscillating 
component near the resonance frequency, 

An excitation response detection means to detect the quantity of state of the excitation response of vibration system by 
which excitation was carried out with this exciting- force generating means, 

A resonance characteristic operation means to calculate the resonance characteristic of said vibration system based on 
the quantity of state of the exciting force generated by said exciting-force generating means, and the quantity of state of 
the excitation response detected by said excitation response detection means, 

A friction condition operation means to calculate the friction condition in said contact surface based on the resonance 
characteristic calculated with this resonance characteristic operation means, 
****** friction condition detection equipment. 

[Claim 2] it connects with the one side side element of the contact surface which frictional force produces — having — 
this contact surface and abbreviation - the vibration system in which consists of a spring element displaced in the 
parallel direction, and an inertial field connected to the other end of this spring element, and excitation is carried out by 
external force, 

An excitation response detection means to detect the quantity of state of the excitation response of said vibration 
system in which excitation was carried out by said external force, 

A resonance characteristic operation means to calculate the resonance characteristic of said vibration system based on 

the quantity of state of the excitation response detected by said excitation response detection means, 

A friction condition operation means to calculate the friction condition in said contact surface based on the resonance 

characteristic calculated with this resonance characteristic operation means, 

****** friction condition detection equipment. 

[Claim 3] the one side side element of the contact surface which frictional force produces - this contact surface and 
abbreviation - the vibration system which connected the spring element displaced in the parallel direction, and 
connected the inertial field to the other end of this spring element, 

An exciting-force generating means to excite said vibration system in the generating direction of frictional force 
according to the exciting force containing the resonance frequency of this vibration system, or the oscillating 
component near the resonance frequency, 

An excitation response detection means to detect the quantity of state of the excitation response of said vibration 
system by which excitation was carried out with this exciting-force generating means, 

A resonance characteristic operation means to calculate the resonance characteristic of said vibration system based on 
the quantity of state of the exciting force generated by said exciting-force generating means, and the quantity of state of 
the excitation response detected by said excitation response detection means, 
An applied force generating means to give applied force to said contact surface, 

A maximum-frictional-force state control means to control said applied force to be in a condition just before said 
contact surface starts based on the resonance characteristic calculated with said resonance characteristic operation 
means, 

****** friction condition detection equipment. 

[Claim 4] it connects with the one side side element of the contact surface which frictional force produces - having — 
this contact surface and abbreviation - the vibration system in which consists of a spring element displaced in the 
parallel direction, and an inertial field connected to the other end of this spring element, and excitation is carried out by 
external force, 

An external force detection means to detect the quantity of state of said external force, 

An excitation response detection means to detect the quantity of state of the excitation- response of said vibration 
system in which excitation was carried out by said external force, 

A resonance characteristic operation means to calculate the resonance characteristic of said vibration system based on 
the quantity of state of the external force detected by said external force detection means, and the quantity of state of 
the excitation response detected by said excitation response detection means, 
An applied force generating means to give applied force to said contact surface, 

A maximum-frictional-force state control means to control said applied force to be in a condition just before said 
contact surface starts based on the resonance characteristic calculated with said resonance characteristic operation 
means, 

****** friction condition detection equipment. 

[Claim 5] A maximum-frictional-force operation means to calculate the value of the maximum frictional force in said 
contact surface based on the applied force when changing into a condition just before said contact surface starts with 
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said maximum-fnctional-force state control means, 

A coefficient-of- friction operation means to calculate coefficient of friction of said contact surface based on the value 
of the maximum frictional force calculated with this maximum-fnctional-force operation means, 
Friction condition detection equipment of claim 3 or claim 4 included in a pan. 

[Claim 6] Power-steering equipment which performs control which judges the time of a revolution condition turning 
into the critical state to be road surface coefficient of friction measured by friction condition detection equipment 
according to claim 5 based on the lateral acceleration under transit, and changes the control force of power steering into 
usually different magnitude from the time at this time. 

[Claim 7] Said resonance characteristic operation means is friction condition detection equipment of claim 2 which 
detects the resonance characteristic from the detected oscillating component when external force with frequency 
characteristics like white noise is always inputted as disturbance. 

[Claim 8] Said resonance characteristic operation means is claim 2 which searches for the resonance characteristic from 
the response waveform to this input when impulse-or step-external force is inputted frequently, or friction condition 
detection equipment of 4. 

[Claim 9] Friction condition detection equipment of claims 1, 2, and 3 which vibration system is resonated by the 
exciting force which contains all the resonance frequency of the vibration system corresponding to each friction 
condition by said excitation, calculate change of the resonance frequency of the maximum amplitude in a resonance 
band with said resonance characteristic operation means, and detect the resonance characteristic, or claim 7. 
[Claim 10] Said resonance characteristic operation means is claims 1 and 2 which calculate change of the resonance 
characteristic expressed with the ratio of an excitation response of vibration system to the amplitude of said exciting 
force as the resonance characteristic of said vibration system, or friction condition detection equipment of 3. 
[Claim 1 1] Said vibration system is friction condition detection equipment of claim 7-10 which is the rotational- 
vibration system constituted by a car body, a wheel, and the road surface given in any 1 term. 
[Claim 12] Said vibration system is friction condition detection equipment including the inertia of the inertia of the 
wheel containing a tire rim, the spring element between a rim and a tread, the inertia of a tread, the friction element 
between a tread and a road surface, and the equivalence model of revolving-shaft conversion of the weight of a car 
body according to claim 1 1 . 
[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0020 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0020] invention of claim 2 is connected to the one side side element of the contact surface which frictional force 
produces — having — this contact surface and abbreviation — with the spring element displaced in the parallel direction 
The vibration system in which consists of an inertial field connected to the other end of this spring element, and 
excitation is carried out by external force, An excitation response detection means to detect the quantity of state of the 
excitation response of said vibration system in which excitation was carried out by said external force, A resonance 
characteristic operation means to calculate the resonance characteristic of said vibration system based on the quantity of 
state of the excitation response detected by said excitation response detection means, It is constituted including a 
friction condition operation means to calculate the friction condition in said contact surface based on the resonance 
characteristic calculated with this resonance characteristic operation means. 
[Procedure amendment 4] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0021 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0021] the one side side element of the contact surface where frictional force produces invention of claim 3 — this 
contact surface and abbreviation — with the vibration system which connects the spring element displaced in the 
parallel direction, and comes to connect an inertial field with the other end of this spring element According to the 
exciting force containing the resonance frequency of this vibration system, or the oscillating component near the 
resonance frequency An exciting-force generating means to excite said vibration system in the generating direction of 
frictional force, and an excitation response detection means to detect the quantity of state of the excitation response of 
said vibration system by which excitation was carried out with this exciting-force generating means, A resonance 
characteristic operation means to calculate the resonance characteristic of said vibration system based on the quantity of 

http://ww4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fww4 10/12/2004 



Page 4 of 7 

state of the exciting force generated by said exciting- force generating means, and the quantity of state of the excitation 

response detected by said excitation response detection means, It is constituted including a maximum-frictional-force 

state control means to control said applied force to be in a condition just before said contact surface starts based on, the 

resonance characteristic calculated with an applied force generating means to give applied force to said contact surface, 

and said resonance characteristic operation means. 

[Procedure amendment 5] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0022 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0022] invention of claim 4 is connected to the one side side element of the contact surface which frictional force 
produces - having -- this contact surface and abbreviation - with the spring element displaced in the parallel direction 
The vibration system in which consists of an inertial field connected to the other end of this spring element, and 
excitation is carried out by external force, An external force detection means to detect the quantity of state of said 
external force, and an excitation response detection means to detect the quantity of state of the excitation response of 
said vibration system in which excitation was carried out by said external force, A resonance characteristic operation 
means to calculate the resonance characteristic of said vibration system based on the quantity of state of the external 
force detected by said external force detection means, and the quantity of state of the excitation response detected by 
said excitation response detection means, It is constituted including a maximum-frictional-force state control means to 
control said applied force to be in a condition just before said contact surface starts based on the resonance 
characteristic calculated with an applied force generating means to give applied force to said contact surface, and said 
resonance characteristic operation means. 
[Procedure amendment 6] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0025 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0025] since an inertial field 12 interlocks and vibration system 15 vibrates to vibration of an inertial field 11 in the 
condition that the contact surface 10 is not [ the frictional force generated in the contact surface 10 ] slippery within the 
maximum frictional force — the spring and mass Mc of mass (Ma+Mb) and spring constant K from it becomes 
becoming two systems of inertia and equivalence, therefore, resonance frequency fl in the vibration system 15 in case 
. frictional force is less than the maximum frictional force ** 
fl =root {(Ma+Mb+Mc) K/(Ma+Mb) Mc} /2pi 
... (2) 

It becomes. Moreover, if the inertial field 12 of another side is the fixed end, the resonance frequency fl of (2) types is, 
fl =root (K/Mc) / 2pi ...(3) 

5^C #|C *|C «|C _ _ *fc 

[Procedure amendment 7] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0026 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0026] since [ on the other hand, ] an inertial field 12 cannot be followed in footsteps.of vibration of an inertial field 1 1 
but the effect of the inertia is lost, after frictional force has started exceeding the maximum frictional force — vibration 
system 15 — mass Ma Mass Mc from - two becoming systems of inertia are equivalent — becoming — the resonance 
frequency f2 ** 

£2 =root {(Ma+Mc) K/MaMc} /2pi ... (4) 
It becomes. 

[Procedure amendment 8] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0027 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0027] Here, it is resonance frequency fl to a direction parallel to the contact surface 10 about this vibration system 15. 
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Or the case where minute vibration is carried out by the exciting force 16 of an about [ fl ] frequency is assumed, the 
time of being in the condition that the contact surface 10 is not slippery - the resonance frequency of vibration system 
15 — fl it is - since - vibration system 15 — setting — frequency fl An oscillating component is amplified. That is, 
vibration system 15 will be in the resonance state in which an about [ frequency fl ] oscillating component appears 
strongly. In addition, there is resonance gain expressed with the ratio of the amplitude of vibration system 15 to the 
amplitude of exciting force 16 to express the resonance characteristic of vibration system 15. In the case of the 
resonance state, this resonance gain becomes large, and when it is not the resonance state, it becomes small as 
compared with the resonance state. 
[Procedure amendment 9] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0028 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0028] On the other hand, if it comes until just before frictional force and the force of an opposite direction approach 

the maximum frictional force and start in the contact surface 10, resonance gain will decrease rapidly. 

[Procedure amendment 10] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0037 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0037] When the coefficient of friction mu of a tire approaches Peak mu, the coefficient of friction mu on the front face 
of a tire stops being able to change easily to slip ratio S, and the component accompanying vibration of the inertia of a 
tread 115 stops on the contrary, influencing the car-body equivalence model 117. That is, a tread 115 and the car-body 
equivalence model 117 will be separated equivalent, and a tread 115 and a wheel 1 13 will cause resonance, resonance 
frequency f2 of the wheel resonance system at this time ** 
f2 =root {(Jw+Jt) K/Jw Jt} /2pi ... (12) 

It becomes a next door, a formula (4), and the completely same format. If this condition corresponds to the field A2 of 

drawing 9 and generally reaches the point of Peak mu, it changes to field A3 in an instant, and a tire locks it. On the 

other hand, the gain of whenever [ in resonance frequency / wheel speed ] also decreases rapidly just before Peak mu. 

[Procedure amendment 1 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0039 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0039] A model is simplified and it is the inertia Jt of a tread 115. If a peak mu condition is approached even when it 

ignores, change of the resonance frequency of a wheel resonance system and the resonance gain of whenever [ wheel 

speed ] takes place, and the same analysis is possible for it. 

[Procedure amendment 12] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0042 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0042] In calculating whether it is in a friction condition just before the contact surface 10 starts in the vibration system 
15 of drawing 8 in this invention For example, resonance frequency fl of the vibration system 15 when the contact 
surface 10 is not slippery Or fl Vibration system 15 is excited on a nearby frequency. Frequency fl The resonance gain 
of the vibrating component is calculated, and when this resonance gain becomes smaller than the 1st reference value, it 
judges with a condition just before a friction condition starts. Moreover, resonance frequency f2 when the contact 
surface is slippery It excites, and when the resonance gain of the component which vibrates on this frequency becomes 
larger than the 2nd reference value, you may judge with a condition just before starting. Furthermore, it is resonance 
frequency fl at least. And f2 It may excite by the exciting force containing two oscillating components, and a friction 
condition may be calculated based on change of a resonance frequency component. 
[Procedure amendment 13] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0044 
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[Method of Amendment] Modification 
[Proposed Amendment] 

[0044] So, in invention of claim 2, a response oscillating detection means detects the quantity of state of response 

vibration of the vibration system over external force. Next, a resonance characteristic operation means calculates the 

resonance characteristic based on the quantity of state of response vibration. And a friction condition operation means 

calculates the friction condition in the contact surface based on the calculated resonance characteristic. Thus, when 

vibration system causes resonance by external force, an exciting-force generating means can be omitted and equipment 

can be constituted simply. 

[Procedure amendment 14] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0046 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0046] So, in invention of claim 3, an exciting-force generating means excites vibration system according to the 
exciting force containing the resonance frequency of this vibration system, or the oscillating component near the 
resonance frequency. Next, an excitation response detection means detects the quantity of state of the excitation 
response of vibration system by which excitation was carried out, and a resonance characteristic operation means 
calculates the resonance characteristic of vibration system based on the quantity of state of exciting force, and the 
quantity of state of the detected excitation response. Moreover, applied force is given to the one side side element of the 
contact surface by the applied force generating means, and this applied force is controlled by the maximum- frictional- 
force state control means to be in a condition just before the contact surface starts based on the calculated resonance 
characteristic. This grasps a load, and since the retention span (applied force) which grasps a load with the equipment 
to which lift up and it is made to move is controlled to be in a friction condition just before the contact surface with a 
load starts, a possibility of destroying a load superfluously at a big retention span is avoidable. In addition, there is 
damping force which acts on the driving force for rotating a wheel etc. other than a retention span, a wheel, etc. as a 
mode of this applied force. If a brake force is controlled to be in a condition just before the friction condition of a wheel 
and a road surface starts, it is applicable also to an anti-lock brake control unit. 
[Procedure amendment 15] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0059 
[Method of Amendment] Modification 
[Proposed Amendment] 

[0059] Moreover, a resonance characteristic operation means 42 to calculate the resonance characteristic of the 

grasping section 22 which grasped the load 21 based on response characteristics, such as the exciting force 36 given by 

the exciting-force generating means 40 and the acceleration 38 detected by the excitation response detection means 41, 

is established. This resonance characteristic is expressed with the ratio (resonance gain) of the amplitude of the 

oscillating component of acceleration 38 to the amplitude of exciting force 36, change of resonance frequency, etc. 

[Procedure amendment 16] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0077 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0077] Next, the resonance characteristic operation means 69 is resonance frequency £1 as the resonance characteristic. 

The amplitude value of an oscillating component is calculated. This is effective when the amplitude of the excitation 

torque 66 always takes constant value. In addition, you may ask for a ratio (resonance gain) with the amplitude of the 

oscillating component of the rotational speed to the amplitude of the excitation torque 66 like the 1st example. 

[Procedure amendment 17] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0084 

[Method of Amendment] Modification 

[Proposed Amendment] 

[0084] As mentioned above, it is held at a condition just before the friction condition of the contact surface is slippery 
by controlling to make damping force/driving force increase, when it judges with the contact surface 64 not being 
slippery, and controlling to decrease damping force/driving force, when it judges with the contact surface 64 being 
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slippery. 1T hat is, the value of the force applied to the tread of a tire with damping force/driving force is maintained so 
that it may become a value near [ in the contact surface 64 ] the maximum frictional force. 



[Translation done.] 
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